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Abstract 
10th Grade MCAS Mathematics questions taken from past exams available on the MCAS 
website were created in the Assistments.org System and used in a study involving high 
school students preparing for the MCAS exam to compare the efficacy of scaffolding and 
hints on their learning performance. After analyzing the data, it was conclusive that 
learning occurred in both the hints and the scaffolding questions. However, it was 
inconclusive as to whether or not scaffolding questions are more conducive to learning.  
 iii
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Introduction 
The goal of our Interdisciplinary Qualifying Project was two fold:  first, to develop 10th 
grade Massachusetts Comprehensive Assessment System mathematics content for the 
ASSISTments.org Online Tutoring system, and, second, to confirm the efficacy of the 
usage of Scaffolding Questions in tutoring in comparison to questions using only hints to 
assist the students.   
 
Taking MCAS content from past tests, we constructed individualized tutoring problems, 
along with several other groups, for a majority of MCAS questions starting at 1998 and 
continuing to present.  With the assistance of our reviewing advisors, our group proposed, 
drafted, and finalized over hundreds of ASSISTment problems. 
 
Online math tutoring software is readily available to students.   Consequentially, a review 
of a few popular programs was conducted in order to compare our system to that of 
leading online tutoring software.  This review was then followed by an in depth analysis 
and walkthrough of the ASSISTments.org Online Tutoring Software and scrutinized 
against competitors.  It was found that each system had a unique approach to engaging 
and tutoring students; and yet, none of those reviewed provided exactly the same 
services, nor approach, as ASSISTments.org.  ASSISTments targets the MCAS test by 
providing sub-questions, deemed “scaffolding questions,” that guide the students in a 
particular procedure.  Its goal is to provide students with a chance to learn how to answer 
the similar questions they will be faced with on the MCAS standardized test, a graduation 
requirement for Massachusetts high school students. 
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To achieve our first goal, the construction of the ASSISTment problems, we implemented 
a system of teams, divided by MCAS provided categories, which reviewed individual-
built content as a group.  The built problems were reviewed through an assiduous process 
of peer review and advisor review to finally be certified for use at local high schools.  
The problems were then grouped into curriculums to allow for their primary use as 
tutoring material. 
 
In order to achieve our second goal, to confirm the value of scaffold questions when 
compared to hints, we designed a study that would determine whether learning took place 
in a statistically significant amount more given one type of tutoring method over the 
other.  By creating experiment curriculums containing problems in hint and scaffold form 
and creating pre- and post-tests to each type we were able to detect whether learning took 
place in general and whether the learning that took place in one method over the other 
was statistically significant.  Although our results were inconclusive on the differences 
between hints and scaffolding, it was concluded that learning took place overall and 
proposed that given a larger data set to work with conclusive differences would likely be 
found. 
1 Background 
Before going into detail about our work, we will first explain some of the tutoring 
systems out there that attempt to accomplish the same goals as the ASSISTments project.  
We also discuss in detail the ASSISTments software. 
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1.1 Other systems 
Quantum, Study Island, and Mastering Physics are three widely used tutoring systems.  
Each of them has their own unique characteristics that separate them from each other.  
We summarize the features of these pieces of software below. 
1.1.1 Quantum Virtual Software 
The Quantum Tutoring software is a system that is “proven in research studies to 
improve comprehension, problem solving skills and test scores by as much as 
50%”1.  This system is aimed at improving students’ understanding about a topic by 
having a number of different types of problems for each field. The Quantum Tutoring 
software is an intelligent system that adapts its questions and hints for the problems based 
on user input and perceived understanding. 
 
The Quantum Virtual Software has 2 main tutors: the Chemistry tutor and the Applied 
Mathematics tutor. For our demonstration, we have chosen to focus on the Applied 
Mathematics tutor, since the mathematical topics covered are similar to the ones that 
appear in the Assistment system. This Applied Mathematics system can tutor students in 
a variety of different topics, such as measurement, ratio and proportions, percentages, 
scientific notation, metric units or linear equations.  
 
If a student chooses to be tutored in the topic of Percentages, then the following screen 
will be displayed:  
                                                 
1 “Press Release: Quantum Tutoring Software Improves Student Test Scores by Full Letter Grade” 
Quantum Simulations Web site. 
Available from: http://www.quantumsimulations.com/news15.html 
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Figure 1-1 – Quantum 
 
As we can see, the student is asked to select a problem type. This is particularly useful 
because this way the student can be tutored exactly in the area in which he believes he 
has difficulties in. After choosing a type of problem, the student has the option of either 
introducing his own problems or choosing randomly selected values if he/she does not 
have a specific problem in mind. See the figure below for a screenshot of these options. 
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Figure 1-2 - Quantum 
 
Let us assume that the student decides to get help on the problem “What is 20% of 80?” 
After inputting the numbers in the previous screen, the student is taken to the screen 
where he/she can enter the answer (see figure below). If the student does not know how 
to solve the problem, he can ask for one of the preset questions. These questions range 
from broad questions such as ‘What do I need to do first?’ or ‘Why are percentages 
important?’ to more specific questions such as ‘What would 20% be when expressed as a 
decimal?’ This way, both a student that does not know how to approach the problem and 
one that only has one specific question about the problem can benefit and maximize their 
learning about the system.  
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Figure 1-3 - Quantum 
 
Let us assume that the student chooses the question ‘Give me a landmark that helps me to 
envision 20% of something’. The hint displayed in this case gives the student an example 
of what 20% of another number is – this might help him/her understand how to obtain the 
answer to the initial problem. See the figure below for a graphical view of how the hint 
looks like:  
 
Figure 1-4 – Quantum 
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Let’s assume that the student enters 40, a wrong answer. The intelligent system will then 
display a buggy message which pinpoints why the answer is wrong. In our example, the 
system points out that the answer given is much more than 20% and also given another 
hint that might lead the student in the right direction. Also, some more questions about 
the validity of answer can be chosen – this is particularly good because if the student 
manages to understand why his given answer is wrong, there is a high probability that he 
will be able to obtain the right answer.  
 
 
Figure 1-5 - Quantum 
 
Overall, the Quantum Tutoring software is a very good system that seems able to help 
student’s learning regardless of their knowledge level by alternating the difficulty of the 
hint choices. 
1.1.2 Study Island 
Study Island at a Glance 
• Web-based 
• Content catered to each state’s set of learning standards 
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• Multiple-choice questions 
• Program form:   
     Subject Pre-Test ? Material broken into topic areas ? Subject Post-Test  
• Dynamic problems:  Changing numbers in problems, answer choices 
• Brief explanation of the answer after question is completed 
• Game format or traditional test format 
 
Introduction  
 
Study Island is a “web-based assessment, instruction, and diagnostic program designed to 
assist students and teachers in their effort [to] attain student mastery of the state 
standards.”2  Study Island is characterized by its commitment to a variety of state 
learning standards and its use of web-based games to promote learning.   
 
The guiding principles and ideas behind the software are outlined in a paper produced by 
Study Island called “Study Island and No Child Left Behind: Solid Research Equals Solid 
Results.” The paper attributes the software’s success to three characteristics: focusing on 
each state’s learning standards, its ease of use, and its constant regard for user feedback.3 
 
Study Island creates different programs for each state based on their respective learning 
standards.  Study Island can provide programs for many different subjects including: 
                                                 
2 “Study Island and No Child Left Behind: Solid Research Equals Solid Results” 
 Available from: http://www10.studyisland.com/salessheets/SINCLB2006.pdf 
 
3 Ibid. 
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math, language arts, science, writing, and reading.4  As content differs from state to state, 
the experience is also likely to differ.  For example, some states only have content for 
grades 3 through 8 while other states may accommodate more or different grade levels.  
Figure 1-6 shows the outline of the program for 8th grade students in Massachusetts. 
 
Figure 1-6 - A screenshot from a trial version of Study Island.  Topics not available in the trial 
version are disabled. 
 
Study Island’s web-based interface makes it easy to use and maintain.  With no software 
to install locally, the program is easier to maintain and can be used in the classroom or at 
home by students as long as there is an internet connection. 
 
                                                 
4 “MCAS Preparation”  Study Island Web site. 
 Available from: http://www.studyisland.com/demoAsk.cfm?myState=MA 
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Study Island relies heavily on user feedback for its continued development.  The 
developers conduct case studies of involved schools and teachers.  These take the form of 
questionnaires and interviews.  Study Island makes these case studies as well as research 
papers and testimonials available on their web site.5  
 
Structure 
As stated before, the programs for each subject are specifically designed for a state’s 
particular learning standards.  For each subject in a state, there is a specific program.  A 
program contains content broken up into more specific areas for that subject.  Before 
students do any of those questions, they are expected to take a pre-test.  After the pre-test 
and other content is completed, the students are expected to take a post-test.  Students are 
able to complete a session for a particular topic.  In a session, students complete a chosen 
number of questions.  After students complete a question, they are given the choice to 
view an explanation of the answer or they can simply move on to the next question.  It 
should be noted that questions are limited to multiple-choice answers. 
 
 
Study Island utilizes some unique methods in portraying its content.  One of the unique 
parts of Study Island is its use of games as an incentive to get kids to use it.  Students can 
choose the more traditional “Test mode” or some of the games such as “Bowling” or 
“Egg hunt.”  Students must answer questions correctly in order to do well in the games 
and hopefully achieve a high score that will be displayed on the Study Island site.  Figure 
                                                 
5 “Document Catalog”  Study Island Web site. 
 Available from: http://www10.studyisland.com/StateDocuments.cfm?docType=2&myState=MA 
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1-7 shows the “Test mode” as well as the pop-up window that gives the student the 
explanation at the conclusion of the problem.  In contrast, Figure 1-8 shows one of the 
games, Ski Jump, that students are able to play. 
 
 
Figure 1-7 - Test Mode for Study Island.  Also, a sample explanation is shown. 
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Figure 1-8 – The game Ski Jump is shown.  Students must select the correct answer in order to play a 
portion of the game. 
 
Study Island has the following games available to students: 
• Ski Jump 
• Bowling Game 
• Skate Park 
• Cannon Game 
• Splat Game 
• Maze Game 
• Snake Game 
• Space Game 
• Bouncing Game 
• Egg Hunt 
• Chase Game 
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In addition to doing problems online, Study Island also allows students or teachers to 
print out worksheets for students to do on paper.  These problems are the same problems 
that students would do on the online interface except that the explanations are not 
available.  Figure 1-9 displays the worksheet that teachers or students would print out. 
 
Figure 1-9 – A worksheet for Scientific Notation that was generated by Study Island 
 
Another feature of Study Island is its use of dynamic problems.  Not only is the order of 
multiple choice questions always changing, but the numbers in the problems also change 
dynamically.  Study Island will also try to detect if a student is just randomly guessing.  If 
found to be randomly guessing, Study Island will penalize the student by making them 
wait 10 seconds before they can select an answer.  Figure 1-10 shows one of the 
messages that might show up if a student is thought to be guessing. 
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Figure 1-10 – If a student is determined to be randomly guessing, the system will display a message 
such as this one and force the student to wait a certain period of time before allowing them to 
answer. 
 
One of the chief benefits of using Study Island as an assessment tool is its instant 
feedback on students.  Teachers have access to the statistics for the performance of each 
student which can help them inform their classroom focus.  As one of Study Island’s 
guiding principles is assessment over time, monitoring a student’s progress continuously 
is emphasized.6 
 
1.1.3 Mastering Physics 
Structure and Format 
Mastering Physics is an online homework system that accompanies Young and 
Freedman's University Physics Textbook. Through the system, a teacher is able to assign 
to his or her students assignments consisting of one or more problems pertaining to 
physics. 
                                                 
6 “Study Island and No Child Left Behind: Solid Research Equals Solid Results” 
 Available from: http://www10.studyisland.com/salessheets/SINCLB2006.pdf 
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Figure 1-11 - Mastering Physics Assignment List 
 
Problem format ranges from text entry to multiple-choice. The text entry capabilities of 
the system is very extensive, and algebraic expressions containing variables, square roots, 
trigonometric functions and more are all available. Variable expressions are filled with 
random values, evaluated, and then compared to the evaluated correct expression using 
the same values. Some problems are taken from the textbook or are slightly modified 
from problems in the textbook. 
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Figure 1-12 - A Mastering Physics problem 
 
There are also problems that look specifically into a particular topic which usually come 
with one or more images, or even animations, and accompanying text giving some 
background to the problem. These more complex inquiries into a particular topic tend to 
have several parts which build off of previous parts of the question. These multi-part 
questions tend to culminate into a summarizing question that takes advantage of 
knowledge acquired in the previous parts of the question.  
 
Grading 
Since the system is designed for homework for university courses. The system is geared 
towards giving students grades for their work.  
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Figure 1-13 - Homework Assigned on Mastering Physics 
 
Assignments have deadlines, and teachers can set the late penalty as they wish. Since 
students are allowed to make multiple attempts, the number of attempts being determined 
by the teacher, each attempt decreases the maximum score possible for the problem. The 
amount by which it is decreased is also determined by the teacher. Multiple choice 
questions have a heavy penalty for multiple attempts in order to keep students from 
guessing at the question. Also, for the problems that have hints available, students who 
do not use the hints receive a bonus to their score. Usage of the bonus results in a 
decrease of the bonus until the max score is at its base value; or lower, if the student has 
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made multiple attempts at the problem. If students wish, they may ask to see the correct 
answer at the cost of receiving no credit for the question. 
 
Hints 
Typically, complex questions with a text entry response tend to be accompanied by hints. 
Not all questions have hints.  
 
Figure 1-14 - Problem Hints on Mastering Physics 
 
If there is a hint, students are able to see how many hints, and the title of the hint which 
gives them an idea of what the hint is about. While the hints are numbered sequentially, 
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they are allowed to open them out of sequence. This allows students to open the hint that 
they feel will most likely assist them in the problem. Sequentially, the hints tend to be 
ordered with a strategy in mind. The first hint typically will try to describe the problem in 
a different perspective and orient the student in the right direction by discussing key 
concepts needed to understand and solve the problem. The following hints inform the 
student of the formulas necessary to solve the problem. Finally hints that ask the students 
to solve a smaller part of the problem. These are similar to what we call Scaffolding 
Questions. There are no hints for hint questions. This can present a problem if the student 
is truly confused and does not know how to solve even the hint question.  
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Figure 1-15 - Mastering Physics hints 
 
Upon completion of the assignment, students may look back upon the completed 
problems and review their submitted answers. If the problem had hints, they are allowed 
to view all of the hints.  
(Information potentially identifying the user of the system has been blacked out of the 
images) 
 
 21
 
1.2 ASSISTments 
The Assistment System has several features that allow students to efficiently learn new 
material and teachers to get useful information about the performance of their classes. 
The main strength of the Assistment system is its ability to pinpoint areas of weaknesses 
of a group of students; this way, teachers can easily address these issues and enhance the 
students’ understanding on the topic. This is done by introducing Knowledge 
Components for each of the MCAS questions and also for each individual scaffolding 
question. Below is an overview of the three areas of the Assistment System: the student 
perspective, the teacher perspective and the content builder perspective. 
1.2.1 ASSISTments System 
1.2.1.1 Content Builder Perspective 
The Assistment system interface is specially designed to make the creation of new 
content easy and fast. The user-friendliness of the Assistment builder interface shortens 
the learning curve for creating tutoring material significantly. Here is a quick 
demonstration of the user-friendliness of the system for assistment building: 
 
 
Figure 1-16 - One of the Builder's toolbars 
 
On the top of the Assistment Builder page we see the first set of options. The four options 
are as follows:  
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1. Create New Item – This option allows the builder to create a new assistment 
problem. It will bring up a new page with the same layout as the initial one. 
2. Load Assistment By ID – This option allows the builder to load a previously 
created assistment. Each assistment receives a unique ID and the assistment ID 
must be provided for a specific assistment to be loaded. 
3. [Edit Builder Preferences] – This option allows the builder to change the settings 
related to the builder. 
4. Browse My Assistments – This option brings up a new page that lists all the 
assistments previously created by that specific person. 
 
 
Figure 1-17 - Another toolbar in the builder 
 
The second set of options that is positioned right after the first list is shown in Figure 1-
17. The options are as follows: 
 
1. Save – this option allows the builder to save and name the assistment as a whole. 
(Note: Each part of the assistment must be saved individually before saving the 
assistment as a whole )  
2. Save As – this option allows a previously saved assistment to be saved under a 
different name. 
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3. [Edit KCs] –  this option allows the builder to edit the Knowledge Components. 
As mentioned before, Knowledge Components are ‘tags’ attached to each 
assistment and to each individual scaffolding question. This ensures that when a 
student inputs a wrong answer for a problem the exact area of weakness is 
pinpointed.  
4. [Edit Metadata –Old] – information about the specific problem, such as the year it 
has appeared on the MCAS test or the status of the assistment is stored here. 
5. [Preview Assistment] – this option allows the builder to preview the assistment 
and make sure that it works as desired. The page appears in the same window. 
6. Edit Metadata – Live! – this is a shortcut to introducing or changing stored data 
about a content item – it opens a new window instead of going to another screen. 
7. Preview –Live! –this option allows the builder to preview the assistment in a new 
window, which saves time as opposed to the [Preview Assistment] option. 
 
 
Figure 1-18 - Question and Answer form fields in the Assistment Builder 
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Figure 1-18 illustrates the options the builder has in order to create an assistment. A new 
assistment starts with the main question that needs to be answered. The text of the 
question can be introduced in a box manually from the keyboard and uses HTML 
formatting. The question is saved automatically but the builder is provided with a button 
to manually save the text. If the builder wants to provide an image to clarify the text of 
the question an “Add Media” option is provided. The builder can use the “Browse” 
button in order to search for the desired picture which must be saved on the computer and 
have the appropriate format. ( i.e. *.jpg, *.gif).   
 
The builder has several options when choosing the answer type. The options are as 
follows: 
 
1. Algebra Widget – The answer has to be introduced manually in a text box. (Note: 
if the correct answer is 1 and the user introduces 1.0 or 1.00, the answers are 
going to be considered correct. 
2. Radio Buttons – The builder has to provide a number of multiple choice answers 
and indicate which answer is incorrect and which one is correct.   
3. Drop –Down Menu –The builder has to provide a series of possible answers in a 
list such that the user can browse them and choose the correct one.  With this type 
of answer, the builder usually provides more options than with the “Radio 
Buttons” option. 
4. Text Entry – The user has to manually insert his answer in a text both. The answer 
must match exactly the correct one.(Note: If the user introduces 1.0 and the 
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correct answer is 1, the answer will be considered incorrect even though 
mathematically 1.0 = 1) 
 
The Answer Sorting Method drop-down bar is used when the order of the answers in a 
multiple-choice question is important. The default value is random, which means that 
each time a student sees the problem the order in which the answers appear is chosen 
randomly. This is an efficient way of eliminating any possible bias that the person 
building the assistments might have – usually builders tend to input the right answer first 
and then the other answers. Another option is sorting the answers numerically, which 
means that if the answers are numbers they are displayed in increasing order, with the 
smallest one being the first and the largest one the last. The last option is sorting the 
answers alphabetically, which means that the answers are displayed in alphabetic order. 
 
The answers box provides the builder the option to introduce the answer(s) and possible 
information about them. Depending on the type of answer the builder has to indicate 
which answer is correct and which ones are incorrect.  Also, the builder can add a buggy 
message to be displayed when the user chooses an answer – this might make a student 
understand why the answer he/she has chosen is wrong. A picture to visually aid the user 
as to the correctness of the answer can also be inserted. 
 
1.2.1.2 Student Perspective 
The student is the primary user of the system and most of the Assistment system is design 
with the student as the person who needs to gain most from it. The system is designed to 
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be as user-friendly and intuitive as possible so that all the students can benefit and easily 
navigate it, regardless of their level of computer experience. 
 
 
Figure 1-19 - Assistment Login 
 
The figure above shows the main login screen. Here, the student can quickly input their 
username and password, or create a new student account: 
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Figure 1-20 -  Account creation for the Assistment web site 
 
As we can see from the figure above, creating a new account for a student is very simple, 
as he only has to input the school code, and his names. The user ID will automatically be 
defaulted to the student’s first name followed by the first initial of his/her last name and 
the date of birth. This is an easy way to make sure all the ID’s are kept unique and it 
makes it easier for the student to remember it next time they log in the system.  
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Figure 1-21 - Joining a class 
 
After logging in, the student needs to select a class to join, as shown in the figure above. 
This can be easily done since the drop-down menu will contain the name of their 
professor. After joining the class, the students will be taken to the page where all the 
curriculums for his/her class are displayed. The names of the curriculums are indicative 
of which topic is tutored the most by the problems in that curriculum. This view is shown 
in the figure below. 
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Figure 1-22 – Selecting a curriculum to do work from as a student 
 
After choosing one of the curriculums, the student is directed to the first problem in the 
curriculum, as shown below. Here he can ask for hints, which takes them to scaffolding 
questions that will eventually take him/her to the right answer by breaking the problem 
down into smaller sub-problems with helpful hints and pictures. Below is an example of 
such a problem. 
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Figure 1-23 - A sample Assistment problem from the student's point of view 
 
 
Teachers can get real-time live data about the children’s performance by walking around 
the computers and looking at the progress bar at the top of the screen. This progress 
screen records time and uses color-coding to display events such as a wrong answer or 
the request for a hint. Some statistics can also be quickly shown if the mouse is placed 
over the progress bar. This helps the teachers quickly notice if the students are not 
actually attempting to solve the problems themselves but rather ask repeatedly for hints 
within a short period of time. The Assistment system also detects if students ask for hints 
in a very short period of time – if this happens a pop-up window appears encouraging 
them to try to think about the problem themselves before repeatedly asking for hints. 
Please see the figure below. 
 
 31
 
Figure 1-24 - Another look at the student's perspective 
 
 
Figure 1-25 - The Assistment software notices a student who is not spending enough time thinking 
about the problem 
 
1.2.1.3 Teacher Perspective 
1.2.1.3.1 Class Management 
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Figure 1-26 - The main screen for the teacher's view 
 
The teacher has several features available for the tracking of student progress and the 
management of courses and assignments. Shown in the image above, is a link to the 
create and manage classes section which allows the teacher to create new classes and 
mange the roster of students in each class. Under the reports section, there are several 
options for viewing the data on student work.  
 
Figure 1-27 - Getting feedback on student progress 
 
The most useful view is the Newest Gradebook, whose header column is shown above, 
which allows the teacher to view each of the students in the class, the number correct and 
incorrect, the number of hints the student has used, the amount of time spent on each 
question etc. With this kind of data, the teacher can monitor the students to ensure that 
they are working diligently. This data is updated live. 
 
1.2.1.3.2 Content 
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Figure 1-28 - The content development main menu 
 
If the teacher wishes to modify, view, or test any question or curriculum, features for 
those are available under the content development. From here, the teacher can create new 
questions that cater specifically to the teacher’s own needs. The teacher can also view all 
publicly released curriculums, and choose and use them for the class.  
 
1.2.1.3.3 Grading and Viewing Process 
 
 
Figure 1-29 - The Gradebook 
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Figure 1-29 shows a different view of information that shows each students performance 
on each question. Each of the numbers at the top is the ID number of a question. Along 
the vertical axis of the table, each student is listed. The student’s average is shown as 
well. A + represents a correct answer, and a X represents an incorrect answer. If the 
student has not done the problem, a – is shown. Using this view, a teacher can quickly 
identify which of the questions was particularly challenging to the students, and design a 
curriculum to supplement their understanding of that topic.  
 
1.2.2 Comparison of Systems 
By looking at the other systems, we are able to conclude that the Assistment system 
offers a user-friendly and pleasant environment which facilitates student tutoring and 
learning. Here are some areas where the Assistment system is particularly strong when 
compared to the other tutoring systems described above:  
 
- Many problems split up into various topics– assuming that a professor is 
wishes to test or tutor the students in a certain area of a specific topic, he/she 
will have many problems at his disposal on that particular topic. The 
Assistment does a much better job at this than the other software considered at 
this, having many more problems to choose from in the predetermined areas.  
- Real problems from old MCAS tests - in addition to being tutored and 
learning various topics, all the problems have previously appears on the 
MCAS test, which helps the students get experience with the test questions. 
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- Knowledge Components – Knowledge Components are ‘tags’ attached to 
each assistment and to each individual scaffolding question. This ensures that 
a teacher can exactly pinpoint the exact area of weakness of his class by 
looking at the knowledge components of the problems that the majority of the 
class had trouble with. This way, the teacher can focus his/her teaching on 
these topics 
 
 
There are also some features for the other systems which could be useful additions for the 
Assistment system:  
 
- Create your own problem – other software allows the user to get hints on 
how to solve any problem they wish from a predetermined list of topics. This 
is a very interesting feature, since it expands the target market for the system 
considerable. The Assistment system is only geared at those users that desire 
to get experience with former MCAS problems and learn the thinking process 
on how to solve these problems. On the other hand, having such a feature 
would involve targeting a much wider market niche by putting restrictions 
only on certain areas of problems that the users can choose.  
- Tutorial with assisting voice– a tutorial video on how to use the assistment 
system could be useful. During the tutorial, at all stages of the problem, there 
should be a voice that aids the user better understand the way the system 
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should be used. This is particularly useful, since it allows the user to become 
more comfortable with the system. 
- Choice of hint types –one feature the Assistment system should implement is 
allowing the user to choose what kind of hint to be displayed; this is 
dependent on what aspect of the problem the user feel uncomfortable with. 
This might a useful feature, since a pre-determined hint sequence might not 
target exactly those areas that the user has uncertainties in and might 
sometimes go over material that the user already understands.  
- Interactive student answering system – one feature of the Study Island 
tutoring system was having an interactive answering system, where students 
would choose and answer by playing a game. This would be a good addition 
since it might improve the popularity of the system within the students. 
However, there is the possibility that such an approach would make many 
students lose their focus and not concentrate on solving the problems.  
 
2 Project Goals 
 
 
We had two primary objectives in conducting this project and subsequent study.  The first 
objective was to outline and build content for the ASSISTments program from the 
Massachusetts Comprehensive Assessment System (MCAS) in Mathematics for future 
student use.  The second objective was to conduct a study with the constructed tutoring 
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problems and compare the learning with Neil Heffernan’s scaffolding questions to the 
more standard tutoring method, the hint. 
 
2.1 The MCAS Test 
 
 
In order to explain the first goal, a brief explanation of the MCAS test is necessary.  The 
MCAS test is a standardized examination conducted by the Commonwealth of 
Massachusetts which employs a series of tests in English, Math, various Sciences, and 
history for students in grades three, four, five, six, seven, eight, and ten.  It is performed 
in order to compare students’ progress and schools competency.  It is also used as a 
graduation requirement for high school students.  The ASSISTments program which we 
used to build our content is currently used solely for the math portions and our particular 
focus was 10th grade students. 
 
Within the 10th grade math content there are five subcategories we used as means of 
dividing up workload and keeping track of progress.  The subcategories are as follows: 
Geometry, Measurement, Data Analysis/Statistics/Probability, Number Sense/Operations, 
and Patterns/Relations/Algebra.   Each test has approximately 40 questions, with each 
category sharing a varying proportion of that 40. 
 
Geometry problems deal primarily with properties of geometric figures (circles, triangles, 
quadrilaterals, etc) (See Appendix: Knowledge Components section for full list).  The 
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Measurement section consisted of areas, perimeters, and circumference calculations.  As 
a matter of convenience and similarity we used Geometry and Measurement as a single 
grouping.  The content of each category can be seen in the Knowledge Component list in 
the Appendix. 
This categorized content is used by Massachusetts to assess students in individual areas, 
which conveniently allowed us to create content that is already categorized. 
2.2 Building Goals 
 
To fulfill the first goal of creating content in the ASSISTments program we employed 
past MCAS tests as readymade problems for our use.  We used problems provided from 
years 1998-Present that are posted on the Massachusetts Department of Education 
website.  Problems were taken generally verbatim unless difficulties in presentation or 
input methods required slight adjustment.  Rarely, problems were thrown out due to their 
generally incompatible nature with the ASSISTments builder or the inefficiency of 
building them.  The procedure used in building the ASSISTments will be described in a 
subsequent section.  Our initial goal was to produce 10 problems per a week over the 
course of two seven-week terms, producing approximately 140 problems each.  This goal 
was adjusted later to merely finishing off the 10th grade content provided. 
2.3 Study Goals 
 
The second goal, to study the difference between standard hints and sub-questions (or 
“scaffolding” questions), was undertaken in order to confirm the efficacy of our general 
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use of scaffolding questions in the ASSISTments program.  In brief, the study consisted 
of first creating hint versions of the problems created.  By doing so we were able to 
compare the effectiveness and learning generated by the two different methods.   The 
production and conduction of the study will also be described in a subsequent section. 
3 Content 
3.1.1 Organization 
For Mathematics, the Massachusetts state learning standards and the MCAS test break 
down the topics into five categories:  
 
• Geometry 
• Measurement 
• Number Sense and Operations 
• Data, Statistics, and Probability 
• Patterns, Relations, and Algebra 
 
As the Assistment project group was large for this year, we broke into smaller teams of 3 
to 4 with each team focusing on one category at a time.  One team worked on Algebra, 
one team worked on Number Sense, and another on Geometry.  The Geometry team later 
worked on Measurement as well.  The Data, Statistics, and Probability category was 
worked on later on in an ad hoc fashion. 
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The smaller teams were useful for various reasons.  One of the practical reasons was that 
scheduling large groups to meet at the same time was difficult.  Meeting as smaller 
groups was much better for people’s schedules.  Groups met twice per week.  Once per 
week, groups met by themselves to coordinate their work.  The other meeting was for 
meeting with our advisor or our teacher expert to go over logistics and our work. 
 
A good reason for these smaller teams was specialization.  Team members were able to 
focus on similar problems and as a result become more proficient when encountering 
similar problems later on in the project.  As members of the team became more 
proficient, they more readily knew how to approach a problem more correctly.  In 
addition, content is some times reusable.  Some problems recur almost identically on the 
MCAS and it is sometimes possible to reuse previous graphics or scaffold question 
formats. 
 
Not only was the increase of a team member’s proficiency in a specialized area useful, 
but the exchange of ideas, technical help, and resources between team members was also 
key for efficiency and productivity.  There was also cross-team communication for 
information that was helpful for all groups. 
 
To help us stay organized, we each maintained binders with our work materials.  We 
maintained separate sections: drafted content, built content, and finished content.  We had 
printed copies of all of our work in each stage of its design.  This was helpful for the 
editing process.  Comments and edits were written direct to our copies.  
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3.1.2 Design Process 
3.1.2.1 Drafts 
 
As we began the project, it was important for us to become adept at writing tutoring 
content.  Since using the builder software can be time consuming, our work was drafted 
in a Microsoft Word document using a design template given to us by our advisor.  
Figure 3-1 shows this template.  This allowed us to have our work critiqued well before 
we put too much effort into a problem that we have approached incorrectly.  Secondly, 
we took advantage of the spell checking feature of Microsoft Word and later just copy 
and pasted our text into the builder. 
 
In these drafts, we planned out our scaffolding questions and hints.  We inserted any 
pictures that we have already made.  Figure 3-2 shows the template filled out with an 
MCAS Geometry problem.  After printing out the draft, we also drew sketches of pictures 
that we thought should be included.  The printed drafts were useful for stimulating 
dialogue about the approach to the problem.  After a draft was approved, work could 
begin with the Assistment Builder. 
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Figure 3-1 - The Design Template in Microsoft Word 
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Figure 3-2 - A sample template filled out for an MCAS Geometry problem (#25 from the Spring 2004 
Exam) 
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3.1.2.2 Building the Assistments 
Our builder work was done through the Assistment web site.  Through the builder, shown 
in Figure 3-3, we translated the content from our drafts into Assistment problems.  For 
the most part, this process is straightforward.  The text needs to be translated from the 
draft into the corresponding text fields.  The appropriate flags need to be set.  For 
example, a correct answer needs to be flagged as correct or the response type must be 
changed to multiple choice of text entry.  While the process is straightforward, it is also 
time consuming.  This is why we opted to draft our content first. 
 
Figure 3-3 - The Assistment builder screen 
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When building assistments from drafts, the most time consuming work was translating 
handwritten sketches into computerized pictures.  In addition, text formatting would need 
to be translated into HTML.  
 
One of the challenges of working with the builder was that it was constantly being 
updated and changed.  This sometimes made the software either unavailable or unreliable 
at times, but this was expected as we were worked on a system that was still undergoing 
development. 
 
In addition to building the actual problem, other information needed to be entered in the 
builder.  Using the Metadata form, we labeled each problem by which MCAS test it was 
from and whether a calculator was allowed or not.  One of the other things that would be 
done through the builder is tagging each question with its knowledge components, but 
this feature was not working during the time we were expecting to enter this information.  
Figure 3-4 shows the builder look at the finished Assistment version of an MCAS 
Geometry problem. 
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Figure 3-4 - A view of the builder for the MCAS Geometry problem shown in Figure 3-5. 
 
 
3.1.3 Workflow 
Our goal for content creation was to develop an Assistment problem for each MCAS 
problem to date.  In order to try to accomplish this goal, we had to set up an organized 
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procedure for handling the workflow.  Our initial goal was to draft 10 Assistments a 
week.  Drafts would be critiqued and reviewed weekly by Cristina Heffernan, our 
resource for pedagogical information.  Sometimes edits to our drafts were minor and a 
whole different approach was needed. 
 
After a draft was approved, work could begin on the Assistment version.  When the 
Assistment problem was completed, it would also be reviewed and edited.  After the 
review process for the built version, the Assistment would be considered complete and 
certified.  After a few weeks of work, we had many Assistments in many different stages 
of development and the expectation of developing more.  A typical week in A-Term 
involved drafting new Assistments, building approved Assistments, and editing 
drafted/built Assistments. 
 
During B-Term, the responsibilities of A-Term remained, but there were more tasks to 
work through as well.  At this point, we began to determine and record the Knowledge 
Components for each of our problems.  We also developed the rest of the material that 
was necessary to facilitate our study on hints vs. scaffolding problems.  This included 
creating hints-only (No scaffolding) versions of some of our problems and grouping 
similar problems together.  We also went into local high schools and had our content 
tested by 10th grade students. 
 
During D-Term, we were expected to complete fewer Assistments as our focus was on 
running the study.  In addition, we researched other web-based tutoring systems. 
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3.1.4 Refinements 
 
As the project progressed, we found that our methods could be adjusted to make our 
workflow more efficient.  We sometimes found some steps could be improved upon or 
some steps were not necessary. 
3.1.4.1 Peer Review 
One of the more helpful additions to our process early on was the introduction of peer 
review.  Within our small teams, we would pass around our drafts and built Assistment 
printouts to be reviewed by each other before having them reviewed our Cristina.  This 
extra review time ensured better quality content. 
3.1.4.2 Ticket System 
One of the things that we tried to keep better track of our review process was to keep all 
the material and printouts pertaining to one problem together and maintain a ticket.  This 
ticket kept track of the phases the problem had already gone through and had yet to go 
through.  This ticket maintained the number of times it had been edited and who edited it. 
3.1.4.3 Drafts 
As we became more familiar with how to approach problems and more comfortable with 
the builder tool, drafts became less useful so we opted to skip them.  In lieu of drafts, we 
simply printed out the problem and a description of our intended approach.  We would go 
over this approach with Cristina and make any appropriate changes before going straight 
to the builder with it. 
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3.1.5 Additional Work 
3.1.5.1 Quizzes 
Christopher Freeman and Michael Zhang also constructed a large amount of seventh and 
eighth grade content. They built quizzes to test students on the material covered in the 
books from the Connected Mathematics Series which the local middle schools were 
using. The quizzes contained hints only, and were designed to teach the student as well as 
to evaluate their performance. Thus, the hints explained to the students and ultimately 
gave the student the correct answer as the last hint. This did not affect the quizzes’ ability 
to evaluate their performance since the online data logging system would still recognize 
that they initially got the question wrong, or asked for hints, in order to get the question 
correct. Building so much content exclusively using hints helped in learning to write 
effective hints. Since we did these quizzes prior to writing the hint versions of the 
questions used in the experiment, we can be sure that the result of the experiment has not 
been affected by our ability to write comprehensive and effective hints.  
3.1.6 Content Walkthrough 
3.1.6.1 ASSISTment ID#20422 
The following ASSISTment was created by Roderick Taylor.  It is based off the seventh 
item on the 1999 MCAS 10th grade Math Test. 
Original Problem: 
The original problem, seen below, was taken directly from the 1999 MCAS 10th grade 
Math Test. 
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This problem posed a particular problem for the builder due to the abstractness of any 
explanation given.  The best way for a human tutor to explain a problem such as this 
would be to actually create the object shown.  However, given the sole use of a computer 
screen several steps were made to show how a student would be able to answer this 
question. 
The following is an image of the first scaffolding question that was created to augment 
this 
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problem.
 
The method used was to look at each answer and deduce whether the box created for it 
could possibly be the original “flat” box.  By doing this the builder was able to properly 
guide the student into “seeing” the three dimensional object as the same as the two 
dimensional object and, hopefully, learn project the unfolded box in their mind. 
Assuming the student was unable to get Scaffolding question 1 right, the following hints 
were given to them. 
 
The idea used was to guide them through color-coded arrows and sides which match up 
to corresponding sides on the original unfolded cube.  Through this method the gap 
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created by the lack of actual visual interaction is bridged and the student is able to “see” 
where the sides should go.  By color coding the text, the sides are more easily found and 
identified.  A method for answering this and similar questions is given to the student.  In 
the next scaffolding question they are asked the same question for Answer B; however 
they now have an opportunity to do it on their own. 
 If they can do this they can move onto the final restatement of original question.  If not, 
the following hints are given to them to guide them once again. 
 
As you can see this was the final question.  The second box was the correct answer.  In 
this case this is the final question, because, using the method prescribed, the final answer 
was found.  This is good in many ways because it prevents the student from going 
through 4 examples of the boxes; also, it teaches them that using a methodical answer 
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check, such as this, the student will be able to move on as long as he/she is sure of the 
correctness of the answer.  On a time based test, this can be helpful on problems that 
require extra time to solve or deduce. 
3.1.6.2 ASSISTment ID#14857 
This problem is number 8 of the Spring 2001 MCAS Mathematics section for the 10th 
grade. It is part of the Geometry strand. When approaching a new problem, the first thing 
I do is to solve the problem myself to get a perspective on how I approach the question. 
Next, I look back to see if all of the concepts I used to solve it are at a 10th grade 
mathematics level. Then, I consider whether the method I used is abstractly conducive for 
representation in the online tutoring system. The problem is shown below: 
 
Problem 8 of the 2001 Spring MCAS. 
 
For this question, the way I solved it was to mentally plot both points and find line of 
reflection intuitively rather than procedurally. This method lacked a clear procedural 
method that could be explained to the student, and involved mental imaging which is 
difficult for students who are still learning to plot points manually on a graph.  
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To devise a strategy for solving this problem, I considered what concepts are necessary 
for comprehending, understanding, and solving the problem. A general rule of thumb, 
which had evolved from the experience of building so many assistments, was the 
importance of having the student draw a picture. I also identified the first part of the 
question as being locating the two specified points. They naturally combined to form the 
first scaffolding question shown below: 
 
Scaffolding Question 1 
 
Now that the first scaffolding question had been written, I needed to write hints to assist 
the student if they had trouble with the scaffolding question. Since the goal of the 
question is to plot the two points, I had the first two hints explain how to plot each of the 
 55
points. The final hint is what we refer to as a ‘bottom out hint’, which always gives the 
student the correct answer. This is to keep the student from becoming stuck and unable to 
proceed.  
 
Hints for the first scaffolding question 
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The next scaffolding question represents a scaffolding design principle that we had 
decided upon as a group. Since there are naturally several methods to think about and 
solve a problem, some more difficult in some aspects than others, we had to decide upon 
a consistent method for choosing one. One such principle was that the method should 
take advantage of common test taking strategies. The strategy used here in this question 
is to look at the available answer choices and use them to help you solve the problem. For 
example, in this problem, instead of finding the line of reflection given just two points, 
the student looks at the answer choices and sees which ones satisfies the definition of a 
line of reflection.  The next scaffolding question asks the student to know what each of 
the lines offered as answer choices looks like on the graph. 
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Scaffolding question 2 
 
The hints for this scaffolding question, once again, involved a basic design principle 
based upon widely accepted and used test taking strategies: for multiple choice questions, 
find the correct answer by eliminating incorrect answer choices. Thus, the hints for this 
question were formed as follows:  
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Hints for scaffolding question 2. 
 
At this point, the student as identified both of the points in the question as well as the 
lines offered as answer choices. We can finally ask the student for the answer to the 
original question. If the student is unable to answer this question, we know that the aspect 
of this problem that he does not understand is the concept of a reflection transformation. 
This feature is one of the major benefits of a scaffolding question system. The ability to 
identify specifically and accurately what concepts of a complex question students are 
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having trouble with is a powerful tool for teachers to identify areas that they should 
supplement in the classrooms. 
 
 
 
If the student misses this question, the hints explain to him what it means to have a 
reflection across a line. If a textual explanation is insufficient, the second hint provides a 
image to illustrate the concept visually. Finally, the ‘bottom out’ hint is given. 
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What seems like a very short and simple two sentence question has, in fact, a large 
amount of depth for tutoring. The design principles used in designing this question 
evolved over two terms of experience of our entire team. We made common use of color 
in the images to make distinctions and highlight important parts. Also, with progressive 
hints, we update the images with labels of information attained in previous hints of 
scaffolding questions. 
 
Since our group was mostly doing geometry and measurement, both involving 
significantly more visualization and abstract object representation and comprehension, 
we found ourselves using images and visual explanations significantly more so than other 
groups. This resulted in increased assistment development time and complexity. 
Nonetheless, our group produced an equivalent amount if not more than the other groups! 
3.1.6.3 ASSISTment ID#12837 
Below is the mechanics and the thought process Cosmin Tudor undertook while building 
tutoring content for a particular problem. 
 
Assistment: (12837) spring2003-40CT 
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            Main Question in Builder                                     Student view                
 
When a new assistment is created the builder provides the main question and scaffold 
questions in order to guide the student through the thinking process needed to solve the 
problem. Each scaffold question has a series of hints that progressively go to the correct 
answer. 
 
Figure 1 shows a geometry problem and the four possible answers. The correct one is 
indicated by the builder. In Figure 2 we have the student view of the problem. The 
student must analyze the information given by the problem and use it in order to answer 
the question: “What is the radius of the surface of the water?” 
 
The student will choose the correct answer or he or she will use the “Hint” option in 
order to get on the right track in solving the problem. 
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        First Scaffold Question in Builder                           Student view  
 
When the student clicks the “Hint” link the first scaffold question appears.  This question 
is meant to show the underlying geometrical concept user, which in this case is “similar 
triangles”.  Using this concept the student must answer the first scaffold question. 
 
 
Hints for Scaffold 1 in Builder 
 
The builder as provides a series of hints that will lead the student to answer correctly the 
scaffold question as we see in Figure 5. 
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                      Scaffold 1, Hint 1                                         Scaffold 1, Hint 2 
 
 
If the student cannot figure out the answer to the scaffold question he is given a first hint 
that is meant to point him I the right direction and explore further the concept of “similar 
triangles” by finding two similar triangles in the picture provided (see Figure 6). If the 
student still has difficulty in identifying the similar triangles the builder provided another 
hint with the correct answer of the first scaffold question.  
 
      
            Second Scaffold Question in Builder                           Student view 
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Once the student has solved the first scaffold question he must move on to the next one.  
The second scaffold question uses the first geometrical concept – similar triangles- and 
adds another related concept about a property of similar triangles. This question explores 
the relationship between the ratios of the sides of the two similar triangles. Using the 
ratios between the sides of the two triangles the student must identify the equation that 
summarizes this relationship. He can either choose the correct answer or get more help by 
using the “Hint” option.   
 
 
Hints for Scaffold 2 in Builder 
 
The builder provides a series of hints that will lead the student to the correct answer as 
seen in figure 10. 
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                        Scaffold 2, Hint 1                                            Scaffold 2, Hint 2 
 
This hint provides a visual aid in order to clarify the relationship between the two similar 
triangles identified in Scaffold 1.  The first set of corresponding edges is shown in order 
to determine the first ratio.  The second hint goes further in determining the next two 
ratios.  The builder used colors to visually show the connection between the two similar 
triangles. 
 
 
     
                   Scaffold 2, Hint 3                                           Scaffold 2, Hint 4 
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If the student still has difficulty in determining the equation resulting from the similar 
triangles, the builder provided another hint that gives more detail on the relationship of 
the triangles. From Figure 13 we can see that the builder put together the information 
from the previous hints and went a step further by giving the equation that puts together 
the ratios of the sides of the two triangles.  The ratios are given in terms of the given 
information and the heights of the triangles.  The last hint explicitly gives the correct 
answer by giving substituting the elements of the equation by their numerical value. Now 
the student is able to answer scaffold question 2 and move on to the next one.  
 
 
          
         First Scaffold Question in Builder                                      Student View 
 
A third and last scaffold question is provided in order to help the student give the correct 
answer to the original question. This scaffold builds on the previous scaffold question and 
asks the student to solve the equation determined as an answer for the previous scaffold.  
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Hints for Scaffold 3 in Builder 
 
As usual the builder provides a series of hints that will progressively lead to the correct 
answer for this question and for the original problem. 
 
 
Scaffold 3, Hint 1 
 
In case the user does not know how to manipulate the equation such that r is given in 
terms of all the other constants, the first hint walks them to the desired set up of the 
equation. The hint shows the intermediate steps needed to get to the final form of the 
equation. 
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Scaffold 3, Hint 2 
 
The second hint starts showing the actual computation for r without giving away the 
whole answers. The student can check this hint in order to make sure they are on the right 
track of the calculation. 
 
 
Scaffold 3, Hint 3 
 
The last hint continues the calculation from the last hint and gives a numerical answer for 
the scaffold question. This is the correct answer to the original question.  
 
The builder uses a series of scaffold questions that progressively lead to the correct 
answer. Each scaffold question uses the result from the previous scaffold and builds on it 
by introducing new geometrical concepts or calculations. The hints are also put in a 
progressive way such that each hint builds on the previous one.  
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3.1.6.4 ASSISTment ID#21899 
The following Assistment was created by Christopher Freeman.  It is based off problem 
#29 from the March 2005 MCAS Retest.  It is categorized as a Measurement problem. 
 
 
Geometry Problem #29 in the MCAS March 2005 Retest 
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For the problem shown in the figure above, students will have to recognize and establish 
the relationship between the areas of the two circles with respect to the shaded region.  In 
order to solve the equation for the relationship, students will have to apply the formula 
for the area of a circle. 
 
To construct a meaningful set of scaffolding questions to aid a student in solving the 
problem, it is important to have a reasonable plan of attack.  For a problem like this one, I 
would first want a student to digest the given picture and establish the information that is 
available to them.  Secondly, the relationship that will solve the problem should be set up.  
After the relationship is set up, the student should solve the resulting algebraic equation.  
 
Scaffolding Question #1 
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For the first scaffolding question, shown in the figure above, we dissect the given picture 
slightly for them.  In addition, we also introduce the basic relationship between the circles 
that will later help solve for x.  The students are given the diameter for the smaller circle 
which will help them solve for the area of that circle, but they need the diameter of the 
larger circle in order to solve for its area.  So we ask the student what the diameter of the 
larger circle is. 
 
As we get to writing hints about this particular scaffolding question, it is important to 
focus on the particular difficulties of the question that was asked.  In this case, the 
diameter of the larger circle needs to be determined.  Students are possibly having trouble 
visualizing the larger circle and are not quite sure how to find its diameter.  The hints for 
this question are geared at helping the students break down the image.  In the next figure, 
we can see that the two circles have been placed side-by-side instead of one inside the 
other.  The known measurements have also been marked.  Students will hopefully now be 
able to recognize that the diameter of the larger circle is the composite of 3 separate 
lengths. 
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Hints for Scaffolding Question 1 
 
After students have established the diameter of the larger circle, it is time to ask a 
question about the relationship between the areas of the circles.  The next scaffold 
question, shown in the next figure, has the student set up the equation for the relationship 
between the areas of the circles.  The student is reminded of all of the information he or 
she knows already. 
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In hints for this problem, we are trying to help students who are having difficulty 
applying the formula for the area of a circle.  The hints help the student identify the 
correct formula, substitute in the correct values, and recognize how they are applicable to 
relationship we already established. 
 
 
Scaffolding Question 2 
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Hints for Scaffolding Question 2 
 
Now that students have set up a equation for the relationship, they should be able to see 
that they can solve for x which is the original problem.  The next figure shows the 
problem that is asked for this 3rd and final scaffolding question.  The problem is reduced 
simply to algebraic manipulation.  Even though the focus of this problem is 
Measurement, it is still possible the student struggles with Algebra so we will provide 
hints that walk the student through the algebraic steps. 
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Scaffolding Question 3 
 
In the hints, the student is walked through the simplification process for the equation.  
The student is shown the use of the distributive property, combining like terms, and 
solving a quadratic formula with factoring.   
 
 
Hints for the Scaffolding Question 3 
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4 Study 
4.1 Hypothesis 
The ASSISTment system aids students in learning Mathematics.  In addition, scaffolding 
questions are more effective than hints-only questions in helping students learn how to 
solve mathematical problems on the MCAS.  
4.2 Method 
Setting up the Experiment 
Our group was not the only group of students working on this experiment. Each group 
was assigned a certain content strand. Our group worked primarily from the Geometry 
and Measurement strands. This allowed each group to become familiar with similar types 
of questions and consequently create more effective explanations. Having each group 
have similar questions would prove useful later in the experiment when constructing the 
experimental curriculums. 
 
Experiment Curriculum Structure 
After each of us created several scaffolding assistments each, we separated our questions 
in to groups. We chose groups by finding questions that required the same knowledge 
and concepts to solve them. These groupings ranged in size from three to five problems. 
We then created hint versions for half of the questions in each group. These groupings 
were then separated into one of three categories: number sense, algebra, and 
geometry/measurement. A curriculum for each of these categories was created. A 
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curriculum consisted of several groupings of questions. The structure of these 
experiments is shown below:  
 
 
 
Experiment sessions 
Experimental sessions were done at Shrewsbury High School and Worcester North High 
School for approximately 50 minutes each.  Students would enter the computer lab and 
sit down at a computer. The experiment administrator would inform the students of which 
curriculum they were to perform. Students were informed that they were to treat this as a 
test, meaning that there was to be no collaboration between students. At Shrewsbury 
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High, approximately five out of a class of twenty would complete all of the experiments 
in the number sense experimental curriculum on average. 
 
Recording Data 
Using the online system, all actions performed by the students was logged. The 
Assistment System allows teachers to view a grade book detailing each student’s 
performance on each problem. In this manner, we were able to record data without 
mistakes. 
 
The Students 
The classes at Worcester North High School Shrewsbury High School typically consisted 
of a combination of 9th and 10th graders. The students in this course typically had a 
background of mathematical education up to Algebra, meaning that most students had not 
taken or were currently taking a course in geometry.  In order to test to see if the students 
were learning at Shrewsbury High School, we moved from the number sense curriculum, 
which they were mostly performing already very well on, to geometry which forced them 
to struggle and learn new concepts with our system.  In contrast, the North High school 
classes we ran the study with produced reasonable data for each experiment curriculum 
so we treated each curriculum equally. 
 
 
Experimental Environment 
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The experiments performed at Shrewsbury High School were done in a computer lab 
supporting approximately twenty students. They were using well functioning Apple 
computers with keyboards and mice in good condition. The lab was clean and in well 
organized with no external distractions. North High students used a computer lab with a 
combination of Windows XP laptops and desktops.  At North High, sometimes the lab 
was filled to capacity or sometimes supported two classes at a time.  In both schools, 
students sat in close proximity to other students, and were able to communicate with 
neighboring students for assistance, though they were told not to. The teacher of the class 
was also present in both schools. The teacher was instrumental in keeping the class 
focused on working and keeping them from collaborating.  
 
Content 
All of the questions used in the experiment were taken directly from the past exams 
released on the MCAS webpage. Scaffolding questions, hints, and supporting images 
were novel creations created by us.  
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4.3 Data 
 
Figure 4-1 - Sample data (after processing) for North High school.  This is the accumulation of all of 
the data available for this particular experiment since it was introduced. 
 
In order to obtain the data we were looking for, we needed to do a large amount of 
processing of the raw data.  Using the Assistment gradebook, we were able to pull up the 
results for each of our studies.  While our focus was creating the Geometry/Measurement 
curriculum, we looked at the data from the Algebra and Number Sense curriculums as 
well.  The Algebra and Number Sense curriculums had been running longer and had 
more data.   
 
We reconstructed the results for each experiment into the format shown in Figure 4-1.   
Figure 4-1 shows Pre-Test, Scaffolding, Hints, and Post-Test results.  The values we were 
interested in were the gain scores.  The gain score was computed by taking the different 
of corresponding pre-test and post-test questions.  A positive gain score means the 
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student did not get the answer correct in the pre-test, but after completing their 
conditional questions, hints or scaffolding, they got the answer correct in the post-test. 
 
In addition to calculating gain scores, results for some students were not applicable and 
needed to be removed.  Students who ace their conditional hint or scaffolding questions 
will have never seen a hint or a scaffold component.  Thus, comparisons between hints 
and scaffolds are not applicable for this user.  Also, incomplete data cannot be used.  
Thus, a student must have done an experiment from start to finish.  Otherwise, their 
results are not useful either. 
 
In some results, there were sometimes suggestions of “unlearning”.  A student would get 
the pre-test question right, but when they saw it again in the post-test question they would 
get it wrong.  This was an infrequent occurrence and may be attributed to user error when 
interacting with the software. 
 
Usable data from the experiments is presented in our report appendix.  After processing 
the data, we were able to begin our statistical analysis. 
4.4 Analysis 
On a range of different data, we conducted several statistical tests to attempt to validate 
our hypotheses.  One of the first questions we wanted to answer was “Are students 
learning with the Assistment software?”  Furthermore, we wanted to know whether 
students learned with the hints versions and with the scaffold questions, separately.  
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Lastly, we wanted to determine which of hints or scaffolding questions were more 
advantageous for learning. 
 
We analyzed the data from many of the experiments.  However, we found that in some 
cases the data was corrupted or the experiment was improperly set up.  We will present 
the most interesting data here.  First of all, we took a look at the results for North High 
School with the first algebra experiment.  This experiment represented our largest sample 
size of 133 students.  These results are an accumulation of all of North’s results with this 
study over the period of time the experiment was made available to them.  In addition, we 
will look at the results of several smaller experiments from the Number Sense 
experiments at North High school. 
 
Are students learning with the Assistment Software? 
 
To answer the question of whether students are learning overall with the Assistment 
software, we run t-tests on the results. 
 
Table 4-1 – One-Sample t-test on Overall Results – Algebra results from North High School 
North High      
  
Sample 
Size df t-value 
Mean 
Gain  
Score Variance p-value 
Algebra 
Experiment 1 133 132 8.690094 0.496241 0.433698 < 0.001 
 
As can be seen from Table 4-1 on one of the Algebra experiments, the sample size is 
quite large and the mean gain score is also big.  Since there are typically only one or two 
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post-test questions, the sum of the gain scores for a student will generally only be 
between -2 and 2.  We ran a one-sample t-test on the overall gain scores for this 
experiment testing a null hypothesis that students don’t learn at all (an average gain score 
of 0)  Our p-value was extremely low allowing us to reject the null hypothesis and say 
with confidence that students are learning in this situation. 
 
For that same experiment we looked at the breakdown of how many students got each 
possible gain score.  From Table 4-2, we can see that many students demonstrated 
learning by our metric, a positive gain score.  In fact, summing the percentages of 
students who got either 1 or 2 for a gain score shows that 45.12% percent of children 
doing this experiment demonstrated learning. 
 
Table 4-2 - For the data of the first experiment in Algebra at North High, we look at how many 
students got what gain score. 
Algebra Experiment 1 at North     
Gain Score -2 -1 0 1 2 Total 
Students 0 3 70 52 8 133 
Percent of Total 0.00% 2.26% 52.63% 39.10% 6.02% 100.00% 
 
On the other hand, Table 4-3 shows several experiments in Number Sense that were run 
at North High School.  Experiment 3 is omitted due to an incorrectly configured 
curriculum.  Unfortunately and most probably due to small sample sizes, our p-values are 
too large for two of the experiments to reject our null hypothesis.  For experiment 4, the 
p-value of .042086 is just under .05 which allows us to reject the null hypothesis with 
confidence. 
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Table 4-3 - One-Sample t-test on Overall Results - Number Sense results from North High School 
North High       
  
Sample 
Size df t-value 
Mean 
Gain  
Score Variance 
p-value (2-
tailed) 
Number Sense 
Experiment 1 12 11 1.48324 0.166667 0.151515 0.166087
Number Sense 
Experiment 2 16 15 1 0.125 0.25 0.33317
Number Sense 
Experiment 4 20 19 2.179449 0.2 0.168421 0.042086
 
Shrewsbury High School also had a good portion of data for some of the experiments in 
our Geometry curriculum.  The data is presented in table 4-4 for the first two 
experiments.  Experiment 3 was thrown out as it was incorrectly configured.  
Experiments 4, 5 and 6 simply did not have a big enough sample size to warrant analysis.  
The sample size for these two experiments fell between the Number Sense and Algebra 
experiments we looked at.  As with the Algebra experiment, we are able to conclude that 
students are learning with the Assistment content.  
  
Table 4-4 – One-Sample t-test on Overall Results – Geometry results from Shrewsbury High School 
Shrewsbury High School     
  
Sample 
Size df t-value 
Mean Gain 
Score Variance 
p-value (2-
tailed) 
Geometry Experiment 1-
OVERALL 30 29 4.0975 0.366666667 0.24023 0.000307
Geometry Experiment 2-
OVERALL 21 20 2.8284 0.285714286 0.214286 0.010382
 
Are students learning with hints-only questions? Are students learning with 
scaffolding questions? 
To answer this question, we will do one-sample t-tests on the hint results and scaffolding 
results individually.  We again test against a null hypothesis that neither scaffolding 
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questions nor hint questions help learning (a mean gain score of 0) Again, for the Algebra 
experiment we find this p-value to be very low and can reject the null hypothesis 
strongly.  Thus, we are allowed to say that hints and scaffolding do in fact have a positive 
learning effect. 
 
Table 4-5 - One Sample Test on Hints and Scaffolding Separately for the first Algebra experiment 
North High      
  
Sample 
Size df t-value 
Mean 
Gain  
Score Variance p-value 
Algebra 
Experiment 1 – 
SCAFFOLDING 64 63 8.690094 0.453125 0.410466 < 0.001 
Algebra 
Experiment 1 – 
HINTS 69 68 6.580168 0.536232 0.458227 < 0.001 
 
Our results are again less conclusive for the Number Sense curriculum and the small 
sample sizes.  As we look at separate categories, our sample sizes from the overall results 
are halved.  This will make for larger, more inconclusive p-values.  And in Table 4-6, we 
see that the p-values are all greater than .05 and thus we cannot reject the null hypothesis.  
Thus, we cannot say anything conclusively about whether learning occurred in either 
hints questions or scaffolding questions for these experiments.  
 
Table 4-6 - One Sample Testing on Hints and Scaffolding Separately for the Number Sense 
experiments 
North High       
  
Sample 
Size df t-value 
Mean 
Gain  
Score Variance 
p-value 
(2-tailed) 
Number Sense Experiment 1 - 
SCAFFOLDING 4 3 1 0.25 0.25 0.391002
Number Sense Experiment 1 – 
HINTS 8 7 1 0.125 0.125 0.350617
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Number Sense Experiment 2 – 
SCAFFOLDING 6 5 0 0 0.4 1
Number Sense Experiment 2 – 
HINTS 10 9 1.5 0.2 0.177778 0.167851
Number Sense Experiment 4 – 
SCAFFOLDING 8 7 1 0.125 0.125 0.350617
Number Sense Experiment 4 – 
HINTS 12 11 1.914854 0.25 0.204545 0.081864
 
We performed the same tests on the Geometry results from Shrewsbury High school.  
The results are in Table 4-7.  We are able to conclude that students are learning with hints 
and scaffolding in Experiment 1.  However, we cannot confidently say that students learn 
with hints in the second experiment, but we can conclude that students are learning with 
scaffolding questions. 
Table 4-7 - One Sample Testing on Hints and Scaffolding Separately for the Geometry experiments 
at Shrewsbury High School 
  Sample Size df t-value 
Mean Gain 
Score Variance 
p-value 
(2-tailed) 
Geometry Experiment 1-
SCAFFOLDING 15 14 3.0551 0.4 0.257143 0.008564
Geometry Experiment 1-
HINTS 15 14 2.6458 0.333333333 0.238095 0.019188
Geometry Experiment 2-
SCAFFOLDING 11 10 2.3905 0.363636364 0.254545 0.037929
Geometry Experiment 2-
HINTS 10 9 1.5 0.2 0.177778 0.167851
 
Are scaffolding questions better than hints-only questions? 
To answer the question of whether hints-only questions or scaffolding questions are 
better, we conduct a two-sample comparison of our data.  The hints-only samples are 
compared with the scaffolding samples.  We do this for each experiment individually.  
We test the null hypothesis that the mean gain scores will be equal.  Large p-values 
(greater than 0.05) do not allow us to reject this null hypothesis.  Thus, we cannot say 
conclusively whether one style is better than the other.   Tables 4-8, 4-9, and 4-10 show 
the results from the two-sample t-tests.  
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Table 4-8 - Two Sample Comparison Assuming Unequal Variances of Hints vs. Scaffolding on the 
first Algebra experiment at North High 
North High    
  df t-value p-value 
Algebra 
Experiment 1 63 -0.72737 0.468296
 
 
Table 4-9 - Two Sample Comparison Assuming Unequal Variances of Hints vs. Scaffolding on the 
Number Sense experiments at North High 
North High   
  df t-value p-value 
Number Sense 
Experiment 1 5 0.447214 0.673428
Number Sense 
Experiment 2 8 0.688247 0.510757
Number Sense 
Experiment 4 17 -0.69156 0.498548
 
Table 4-10 - Two Sample Comparison Assuming Unequal Variances of Hints vs. Scaffolding on the 
Number Sense experiments at North High 
Shrewsbury High School 
  df t-value p-value 
Geometry 
Experiment 1 28 0.3669 0.716452
Geometry 
Experiment 2 19 0.808949 0.428559
 
Additional Analysis 
Our Geometry data at Shrewsbury High School shows an interesting phenomenon. The 
experiment involved two classes of approximately twenty students each. Each class had 
fifty minutes to complete the geometry experiment curriculum. After processing the data 
by removing students who did not complete the experiment and students who aced the 
conditions, we found that in the first experiment, there was an even distribution of 
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students who were assigned scaffolding questions and students who were assigned hint 
questions. However, the second experiment showed a slightly smaller number of students 
who had done the hint questions.  While the third and sixth experiments were not 
analyzed during the testing of our hypotheses, the data is applicable here.  The reason for 
omitting the third experiment originally was due to a faulty pretest which does not have 
an impact on students completing the experiment.  The sixth experiment was only 
omitted due to insufficient data. 
 
We speculate that the cause of this phenomenon is that students at Shrewsbury High 
School who received a hint version took longer to complete the problem. This is based on 
an observation made by Michael, who administered the experiment. He observed that 
students who received hints would spend several minutes pondering the hint if they could 
not easily identify the next step to the question. Students who received scaffolding 
questions were given a clear direction by the scaffolding question, which allowed them to 
progress more quickly through the questions. Thus, by culling students who did not finish 
each experiment, we ended up culling more students who received the hint condition.  
The following table shows the different between the number of students who completed 
an experiment based on their condition. 
 
Table 4-11 - For the Geometry curriculum, we looked at the difference in the number of students 
who completed hints experiments vs. scaffolding experiments 
 
Sample 
Sizes       
  Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5 Exp. 6 
All 30 21 26 11 6 2 
Hints (H) 15 9 5 3 3 0 
Scaffolds (S) 15 12 21 8 3 2 
Ratio S:H 1 1.333333 4.2 2.666667 1 Inf. 
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This could be explained by the conclusion in a paper by Leena Razzaq, which found that 
‘honor students’, students who performed better on the pretest, would gain more 
knowledge from hint versions than scaffolding.7 The students at Shrewsbury High School 
are relatively strong students with a solid mathematical foundation. If a student is an 
honor student, scaffolding questions may be exploited as a crutch allowing the student to 
finish the problem quickly without much thought. The hint versions would force the 
student to spend more time thinking about the question, resulting in more learning. 
 
With our largest sample, we attempted to reproduce Leena’s results for Hints and 
Scaffolding.  We did not run any tests on the delayed response method as she did.  
Leena’s result supported that honors students, which are considered as any student 
answers any of the pretest questions correctly, will learn better from hints than 
scaffolding.  However, Leena found that students who did not get any pre-test questions 
correct learned better from scaffold questions.  We looked at experiment 1 from the 
Algebra curriculum at North High to get the following table:  
 
Table 4-12 - Using our North High results for Algebra Experiment 1, we try to reproduce some of 
Leena's results on Aptitude Treatment interaction 
Average of the 
sum of the Gain 
Scores 
# of Correct 
Pretest 
Questions       
Condition 0 1 2 Grand Total 
Hints 0.7 0.428571429 0 0.536231884 
Scaffolds 0.710526316 0.095238095 0 0.453125 
Grand Total 0.705128205 0.261904762 0 0.496240602 
 
The results show that the average gain score for “honors” students (those who score 1 or 
above on the pretest) learn more from hint questions.  This supports Leena’s conclusion.  
                                                 
7 Razzaq, L., Heffernan, N.T. (2007).  “What level of tutor interaction is best?”  In Luckin & Koedinger 
(Eds) Proceedings of the 13th Conference on Artificial Intelligence in Education. IOS Press. 
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However, for non-honors students, Leena concluded that scaffolding would be more 
beneficial.  For this data, we find hints and scaffolding to be nearly equal. 
 
 
5 Conclusion 
Analysis of our data on Algebra from North High, with the large sample size, allows us to 
conclusively say that the Assistment system, whether employed with hints or scaffolding 
questions, promotes learning.  The data from the Geometry experiments done at 
Shrewsbury High school also support this claim.  Our data did not support any 
conclusions with respect to the question of whether hints or scaffolding questions were 
better. 
 
In addition to just the numerical results, other factors need to be considered such as bias 
in the data.  There were at least several unchecked variables in our study that skewed 
results.   
 
One of the major issues with the data we analyzed was that we were not present to 
observe or record each and every student that took the study in all cases.  This was due to 
a time constraint issue we could not overcome.  A single day per week was our only 
opportunity to get results over the course of 5 weeks.  With a couple of those days being 
cancelled since the schools did not end up running the study, we were left with very little 
data that we observed personally. 
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In addition, the experimental environment was not ideal for obtaining results.  While 
students needed to do their work independently, there were inevitably opportunities 
where they received outside assistance from a teacher or a peer.  This certainly has an 
impact on the data we collected. 
 
Thirdly, we were noticing that there were more results for hint questions than scaffolding 
questions.  This was simply due to the fact that hints questions are less involved and take 
less time.  Students who solved scaffolding questions may have run out of time for that 
class and would have been unable to complete the experiment.  This nullified their data.  
This selection effect produced uneven sample sizes making it difficult to analyze the data 
fairly.  For the first experiment in Algebra at North High, we were fortunate to have two 
nearly equal sample sizes to compare. 
 
Another issue that we had was that some data simply needed to be thrown out all 
together.  This was generally due to incorrectly configured experiments.  We encountered 
instances where pre-test questions did not match post-test questions or there were unequal 
numbers of pre and post test questions.   
 
For future studies, we suggest that greater care be taken in obtaining results.  An 
adjustment to the experimental environment should be made so that subjects do not gain 
unequal benefits from their peers.  Also, finding extended periods of times that allow 
subjects to all finish an experiment in time to avoid the selection effect is an appropriate 
change. 
 92
 
The evidence from the Algebra experimental data from North High is so overwhelmingly 
in favor of concluding that hint questions and scaffolding questions definitely help 
students learn that we may be able to overlook the impact the biases have on the results.  
Further studies will need to be conducted to determine whether scaffolding questions are 
more effective than hints-only questions for tutoring students.  
 
In addition to our conclusions about the hypotheses we stated earlier, we suggest that 
more research be done on the amount of time students spend on hint problems vs. 
scaffolding problems and how learning is affected by the time spent. 
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Appendix C - All Quizzes Created By Michael and Christopher
415
*>1?@

37@
 &#	''#	
'()'*'*&,	-.(/+0+1A2B/('$C336 
6
 %.7)-%

.% %:"%)	 %).%	
	%.%9-	<
	,(	"37B/('$C3362

$



/
=+
3.
.%	9  		:3.
.%	9
   .
8		
:
=*
			9   .7		-	%.-		.:
  .7	8	-"		
.:	<
=1
3		 	:
!&#	''#	
'()'*'1&,	-.(/+0+1@23453'(4/ 
6
 %.7)-%
416

("	,*89*277	%$"%	9 ..	%		"
.%	"	%	%<
	,(	"373453'(4/2

"

=+

	"	."		"	%, -)2

3-"	%9-9%"	%99	-%.:
=*
3	,*89*2	-%9-%.:

,*89*2."	*:(""	*	 	-
*>*	0.:
=1

-) 	
 %"	"%	:("	.	"	%
	%:
=0
3		 	0:	0
"&#	''#	
'()'*'A&,	-.(/+0+1D2B/('$C336 
6
 %.7)-%
417

	%-).	#3B<
	,(	"37B/('$C3362
:/!

#
$%

:E(6
/:$F
=+

6/!F$	-9-#3B:#-.	:
=*
3)=4E(6:C%	.7	#3B-=4E(6:

#.		%).%:3	%
.987
.--%%		:(	 	9.

	9877	
.%"%%:
=1
3		 	;$:=4;:;$:=4;:
418
&&#	''#	
'()'*'0&,	-.(/+0+1G23453'(4/ 
6
 %.7)-%

("	,*89*277	%$"%	9 ..	%	
7	.	".%7	.	"	%<
	,(	"373453'(4/2

 

=+
3	,*89*2.
%."	%$ .%:

3	,*89*2."	*:
=*
37	.	"	%."%"%.:	" %

	%.%	599H:#	%7	.	
?5IIH

37	.	 %.	-
?*5I*I*H
=1
#	 
?*>,5IIH2

%"7	.	 .%	%:
=0
3		 	*:	;*;
&#	''#	
'()'*'@&,	-.(/+0+1J2B/('$C336 
6
 %.7)-%
419

6  
 #3B=4	.	:		7#B	%4=<
	,(	"37B/('$C3362
:4=
$:4


$

/:-	.
=+
(.7	 4=		.#3B7"77	:B4=
7%	K
	%#3B9-	:

$	".87	L
=*

-)	 % 4=	: 			7% <
=1
#	#B. 	=9			7%:#;:
=;
420
'&#	%''#	
%'()'+'+&,	-.(/+0+0M2B/('$C336 
6
 %.7)-%

-8 "-% 	 -):3-8 *"1:3
-8"7	"% ")). %:
- ." 	"<
	,(	"37B/('$C3362


!(
)

$:+*;A&
:+1;G&
/:+A;
=+
$-87	"% "9 .-%"
):3		@)9.7%"-8-@:$."")	
"	.""-
:
=*

"
=1
+1"@+1;@&:+1;@&
*&#	%''#	
%'()'+'*&,	-.(/+0+0+2B/('$C336 
6
 %.7)-%
421

 	"+0")@N):-87	"
% "):= -8%""<
	,(	"37B/('$C3362
:1":A:
$:*":*:


 
+
"


/:1":0:
=+
3-8"7	")% 9%").
%"-8:/)%" "-@9-		@):3 
-%"-8:
=*

"
=1
422

"
=0
3%	 )*"09:*":0:
,&#	%''#	
%'()'+'1&,	-.(/+0+0*23453'(4/ 
6
 %.7)-%
+*MO"0M<
	,(	"373453'(4/2

"*

=+
3"+*MO"0M9"+:*>0M
=*
+:*>0M?0G
=1
3		 	0G:	0G
-&#	''#	
'()'+'0&,	-.(/+0+012B/('$C336 
6
 %.7)-%
F""%%.
.%"	77.:="	*AO:
 77		
+
	
.	"	7<
	,(	"37B/('$C3362
:3 -.+P0

#
/	


	
	

:3 -.0.:
/:(-	.:9
=+

# -)		7.	7 :77%<
=*
3.:#$
423
&#	''#	
'()'+'A&,	-.(/+0+002B/('$C336 
6
 %.7)-%
F""%%.
.%"	77.:="	*AO:
 77	
	."	7<
	,(	"37B/('$C3362


/	

0		
1"
	
2	

$:3 .
:3 -.0.:
/:(-	.:9
=+
4"% - *AO"	:3..
%
.*AP+MM-%9	+P0:
=*
3		 	:3 -+P0:#:
 &#	''#	
'()'+'@&,	-.(/+0+0A2B/('$C336 
6
 %.7)-%
F""%%.
.%"	77.:="	"--3
 77	
	."	7<
	,(	"37B/('$C3362
:3 -.+P0
$:3 .


/	

0		
"
	
	
2	

/:(-	.:9
=+
4"% -- 70MMO"	:3..
%.
0MMP+MM.-%9	0:
=*
3 	:3 -0.:#
!&)%'#	%''()'0'+&,	-.(/+0+0@2E4$B'(4/ 
6
 %.7)-%
424

7"	7	-)<
	,(	"37E4$B'(4/2

1 

=+

	7	).7:7"	%:3%	7-)
 	7		%:3).7:
=*
425

B..-	97-	)		:
=1
3		+	-*97"+P*
=0
#7"	+P*97"7	 -.:4	+P*
"&)%'#	%''()'0'*&,	-.(/+0+0D2E4$B'(4/ 
6
 %.7)-%

7"	7	7	-)<
	,(	"37E4$B'(4/2
426

 

=+

37"7	7	 -	
"7"	%:
7	7	 -):	"	%7"	"	.9 7
.		.	:"	9 %:("%)9.
7):
("7)9.
%):
=*

	"7"	%:B..-	7	)		:=	9	
+	*:
=1
#7+P*:37"	%9 "7"7	7	
427
:
=0
3	7	"+P**P+?*:6 .
77- %%:#7"
7	7	*:4	*:
=A
3		 	*:	*
&&)%'#	%''()'0'1&,	-.(/+0+0G23453'(4/ 
6
 %.7)-%
7"%	%7,*912,*9A2<

	,(	"373453'(4/2

 

=+
. 77%	777	"	:
=*

3%	77.%-):C""7:
=1
428

7"	. 7%	)		:;
7:
=0
3	G	0:#7GP0:;	"	:
=A
GP0*:#		 	*:
&)%'#	%''()'0'0&,	-.(/+0+0J23453'(4/ 
6
 %.7)-%
	7"%	%7,*912,*9A2<

	,(	"373453'(4/2



=+
. 77%	777	"	:
=*
429

# -)	77 	%	%.:		7<
3	7	"8
=1

3	777	-):
=0
3	7)" 8M:=	9+:#	+
430
'&)%'#	%''()'0'A&,	-.(/+0+AM23453'(4/ 
6
 %.7)-%
3N?-I+:A87	%7,09D2 )"-<
	,(	"373453'(4/2



=+
#,09D29-0"	)"8D"	)":6 )"	
-:
=*

#- :
=1


	 	
% 	
-):-<
=0
3		 	+:	+
*&)%'#	%''()'0'@&,	-.(/+0+A+2B/('$C336 
6
 %.7)-%
".	"	N?08I1<
	,(	"37B/('$C3362
:#7%)









	









$:	77)











	









	
.
4"5
,

/:7	%,19J2





















=+
	9$99/	77		. 	8. 			
	":3	 	:
=*
431
7	%,09+J2  -7
N:#9":
,&#	%''#	
%'()'1'+&,	-.(/+0+A*23453'(4/ 
6
 %.7)-%
/	 
"JN	7%	.
	%	N	:"	"	.
N	 N	."	.JN	<
	,(	"373453'(4/2

!

=+

"
=*

3	,7
2"-%N	J.	%	.N	:3,-2"
-%N	1.	%	.N	:
=1
11,-2.	%+"	1:371:
 -&#	''#	
%'()'1'*&,	-.(/+0+A12B/('$C336 
6
 %.7)-%
432

F.
%	%.		%#:#%"	+P*
 
--D%:#-"#+0%:( 7	7
1	)	8		7<
	,(	"37B/('$C3362

$



/
=+
3		7."- 		%,-%-
"-2.		%#"	"+P*"	%#:
=*

67	%- -."7770:#
 %.-*:
=1
3,"	%	2- . 70:#
  -*:
=0
433

"-"	N	.:#
 &)%'#	%''()'0'D&,	-.(/+0+A023453'(4/ 
6
 %.7)-%

7""%)<
	,(	"373453'(4/2

&


!1 

=+
37-.	-"% .%"	)	%"8-+:3
- )"8%%-+		7%):= .%
-.<3 -7:
=*

8	-+9	%-+:A:#7 -+:A
  &)%'#	%''()'0'G&,	-.(/+0+AA23453'(4/ 
6
 %.7)-%

	7""%)<

4		9"7 +:A:
	,(	"373453'(4/2



=+
3	7 	8)M:

434
/	 -77		."	)"8%-
	:)"8
		7%)":N 8M<
=*

3"- -):	7<
=1
#?+ 8?M9	7+:4	+:
 !&#	%''#	
%'()'1'1&,	-.(/+0+A@23453'(4/ 
6
 %.7)-%

.	"%B<
	,(	"373453'(4/2

&-

=+
3."		%"7	%	.1@M<
=*

$%7	%	."			%%9 %B% 

 9+1M<9.
%"+GM<:
=1
#9+1MI8?+GM

8-<
=0
8?AM97AM
 "&#	%''#	
%'()'1'0&,	-.(/+0+AD23453'(4/ 
6
 %.7)-%
435

(" 
 	"#3B4J."6/!9 .	"4B<,	
	 2
	,(	"373453'(4/2

&

=+
3 7	%	.	.		-7	%	.)..%
"+1M%	:
=*

	""%	J.	%"	1:B"	7	-)
))%N	:
=1
(""	"	..	7	%	.	%	19 .	"4B<
=0
1>A?+A:37+A:
 &&#	%''#	
%'()'0'+&,	-.(/+0+AG2B/('$C336 
6
 %.7)-%

436
7	%	..	<
	,(	"37B/('$C3362

#


/
4
=+
("%"0*	%+GM0*	+1G:3	"	 ..
7	%	."	. .%:
=*
#4;).%.	.-.:6 

	7	%	.$/:
=1
C		"	"%	$/.	
"%	":
=0

=				.N)9 7	%	..	<
=A
#	"%	"7	%	.$	+:@J*1
)N)%9	.	:#$:
 &#	%''#	
%'()'0'*&,	-.(/+0+AJ2E4$B'(4/ 
6
 %.7)-%

	%	.$	.	:"	"	.	%$<
	,(	"37E4$B'(4/2

"

=+
6")*		7")A:9")+*
437
		7")0:G:
=*
	 "		
% . .7"-%
		7%"$<
=1
3"%*"$		7"%A": .7A-
%*<#*A9.-	-+:
=0
A>:0?*# 	:0

	:0
 '&#	%''#	
%'()'0'1&,	-.(/+0+@M2E4$B'(4/ 
6
 %.7)-%

	%	.$	.	:"	"	.	%#

<
	,(	"37E4$B'(4/2

 &

=+
6")*		7")A:9")0:G
		7")+*:
=*
	 "		
% . .7"$-%
		7%"<

,# 	
% $79 -%%	$:3.
"	 -%		+2
=1
		% 
  .7-*%A..-	
.7-0:G%+*<
=0
*>*:A?A0:G>*:A?+*

#"	*:A:7*:A
 *&#	%''#	
%'()'0'0&,	-.(/+0+@+23453'(4/ 
6
 %.7)-%
438

3 	%	.	:%".%98:
	,(	"373453'(4/2

&

=+
""	"	.	%	%.:#	%%
.	 
 "	 -+:
=*
#@*		7 
 @>+P1?*

#"	+P1
=1
6  "	"+P1".%%:
=0
+A>+P1?A

#8?A:37A
 ,&#	%''#	
%'()'A'+&,	-.(/+0+@*23453'(4/ 
6
 %.7)-%
439

$ -.
.	.%)-):=	%	"	.	9+A
	"	.
:3
*	%:A	"	.
 	%
"	.	"
"	)	:= "			)	<
	,(	"373453'(4/2

*

=+

3		 .		%%	.9	:3	 -
-):
=*

#7 7	7	")"89		)	:38.7-)
 	"	%"	%:*M-+AIA?*M
=1

440
#A>0?*M9"	"	..	%	%	%0:C"
)"8:
=0
*>0?G:	G:
!-&#	%''#	
%'()'A'*&,	-.(/+0+@123453'(4/ 
6
 %.7)-%

)"6.
"	N):
	,(	"373453'(4/2

&-

=+
#)N"	8:#	-.7%--*M0:
=*

"
=1
	" 8PA?+M:7-"	-AA-.:
=0
3		 	AM:	AM;
!&#	%''#	
%'()'A'1&,	-.(/+0+@02E4$B'(4/ 
6
 %.7)-%
	:!.; ..%"	%7:3"
*"
*:A" 	%+M" :
.%"	%7<
	,(	"37E4$B'(4/2

*

=+
/	 
":-
 "	.
 :
=*
441

6 77	7	"	"	.
 :	  7)	
 "	%:#77	7	):
=1

#+M0.*:A"	0:C)"	%"%7,-
8
2
=0
#*>0G9%G"%:37G:
! &E	 %'+'*&,	-.(/+0DGJ2B/('$C336 
6
 %.7)-%
87	+-<
	,(	"37B/('$C3362
:+M+*
$:+M@

-,

/:+MMMMMM
=+
	+MM
+9MMM
.+9MMM9MMM
-+9MMM9MMM9MMM
=*
	+MM?+M*
+9MMM?+M1
.+9MMM9MMM?+M@
442
-+9MMM9MMM9MMM?+MJ
#+MJ
!!&E	 %'+'+&,	-.(/+0DJM23453'(4/ 
6
 %.7)-%
37+.:,872
	,(	"373453'(4/2

------


5---5---

!"&E	 %'+'1&,	-.(/+0DJ+2E4$B'(4/ 
6
 %.7)-%



$ 7	:=.7	77	:+M	9+
	 
:=7	.	 -.-	"	 
:

("--)9-%.-	"		9 .	 -
% 
 +D<
	,(	"37E4$B'(4/2

 *

=+
$++9 )*	7	 
:+*9 -0	7	
 
:
=*
N	7	$;.-	"	7	 
,2

?*

 	++			


	
.	

.	
-

#"	%+M9  ?M:%++9?+
=1
443
	%+D9 )?D

*D		 %+*G:7+*G:
!&&E	 %'+'0&,	-.(/+0DJ*2B/('$C336 
6
 %.7)-%
"" %87	0<0<0<0<0<087"	.<
	,(	"37B/('$C3362
:0A

#
"

:0D
/:00
=+
(87"	.97		7.-	,..-	7	%".-	2
 ..7		".-		:

#"	9*1?*<*<*
=*
)@0;90@:$
!&E	 %'+'A&,	-.(/+0DJ123453'(4/ 
6
 %.7)-%
87N1?*D<
	,(	"373453'(4/2

!

=+
"%	 ..7"1
N*D:3.-	 -:

*.7"11*?1<1?J,.2

A.7"11A?1<1<1<1<1?*01,-%2

= ..7"1 <
=*
11?1<1<1?*D:371:
!'&E	 %'+'@&,	-.(/+0DJ02B/('$C336 
6
 %.7)-%
444

--)87<
	,(	"37B/('$C3362


#


=+
	--8798	-+9 ) -..7"
7	)):3.7.-..	  K8) 7
:
=*
	8.79
:	8?+9)++.)8?M:= )	9	8?*9
)7	8.*.)"8?+:#-	-87:
=1
-$98	-+9).7-*:3.-$
87:#$:
!*&E	 %'+'D&,	-.(/+0DJA2B/('$C336 
6
 %.7)-%

--)	<
	,(	"37B/('$C3362



445
$

=+
	--	98	-+9)	-..-	:
=*
	-$9 8	-+9	-19@9+*:	9
	:
=1
3-)	%-AM"		"8-+:3-N	9
-)	-09-	.	-+*:#:
!,&E	 %'+'G&,	-.(/+0DJ@2B/('$C336 
6
 %.7)-%

N"	87%	7	7	---)<
	,(	"37B/('$C3362
:1
$:*<1


!7 

/:*
=+
3)-"		"8-+:#9 	
%"	N 
	7"1%	 "	"*:
=*
3N	7	-?1<*::
"-&E	 %'+'J&,	-.(/+0DJD2B/('$C336*MM0+G 
6
 %.7)-%
"" %.-	1D9*MM9MMM 	"<
	,(	"37B/('$C3362
:1D:*8+MA
$:1D*8+MA
:1:D*8+MG


!' 
6
-'

=+
(		 	.-	"9 "	.).7)	K
	%"%%:# )

!' -----

3N)1:D*:	1:D*1D9*MM9MMM	N9- "8-
"%	% ..7"+M ..71:D*-%1D9*MM9MMM
446
=*
"%	 ..7"+M -"%	% .% 7
)	-.)%.7	%"%%:	 .-	 .
.7	)		%

!' -----

(.)	%"%%

!' -----

(7)	D%% :# D.7"+M:
=1
# )1:D*MMMMM N)1:D*-%.7-+MD

31:D*8+MD/
"&E	 %'*'+&,	-.(/+0DJG2B/('$C336 
6
 %.7)-%
# 	".%-7..%K	:-
K	 -.A-	:=	-7%1-K	:N	-
.-	".%-,.2K	"		<
	,(	"37B/('$C3362
:.?1<A
$:.?A<1
:.?A<1



8
!7&

=+
"	M	9# )1-
"	+	9# )1<A?+A-:
"	*	9# )1<A<A?DA-:

=*
	%	 "	A9	)1:#9 ).?1<A:/:
" &E	 %*'*&,	-.(/+0DJJ23453'(4/ 
6
 %.7)-%
# 	".%-7..%K	:-
K	 -.A-	:=	-7%1-K	:

.?1<AN"	 ..%- -K	"		:= ..%
- #)"	0	<
	,(	"373453'(4/2

*'&

=+
#-0"	)"	.-.7"%:
447

=*
# )9
.?1<A
.?1<A0
=1
.?1<A<A<A<A
.?+GDA

37+GDA
"!&E	 %*'1&,	-.(/+0GMM23453'(4/*MM0+G 
6
 %.7)-%
# 	".%-7..%K	:-
K	 -.A-	:=	-7%1-K	:

.?1<AN"	 ..%- -K	"		:"	 .
	 )
+M9MMM<
	,(	"373453'(4/2



=+
"	+	9.?1<A?+A,%2
"	*	9.?1<A<A?DA,%2
"	1	9.?1<A<A<A?1DA,%2
=*
"	0	9.?1<A<A<A<A?+GDA,%2
"	A	9.?1<A<A<A<A<A?J1DA,.::2
=1
"	@	9.?1<A<A<A<A<A<A?0@GDA,	)	+M9MMM2

7@:
""&E	 %*'0&,	-.(/+0GM+23453'(4/ 
6
 %.7)-%
$	7	%%"--7
:
 0
%:$.	"	+ 
 G%:("
%	 %
	6	9 %  87-* 
<
	,(	"373453'(4/2



=+
# 
 $;
%	 879 7" %	 "	
:3.-	 .7%-"	7	".:

#
-.*.% 
%	 879 
 
%	 "	*:
=*

 
%	  % 
 
 G%"	
448
 
:#8 
 -+@:7+@:
"&&E	 %*'A&,	-.(/+0GM*23453'(4/ 
6
 %.7)-%
$	7	%%"--7
:
 0
%:$.	"	+ 
 G%:("
%	 %	9
 %  87-* 
<
	,(	"373453'(4/2

 

=+
#$;
%	 	9 
  %	 -.-	 
:
"	+ 
9$;
%	 -0:

#%	 	9 87
%	 	0"	 
:
= % -"	* 
<
=*
= -GI0?+*%:	+*
"&E	 %*'@&,	-.(/+0GM123453'(4/ 
6
 %.7)-%
%	 "	"N<

?0M,082
	,(	"373453'(4/2

"

=+
3%	 "	.-	87)	-:
=*
0.-		87)	-%	 "	:370:
"'&E	 %*'D&,	-.(/+0GM023453'(4/ 
6
 %.7)-%
		"N<

?0M,082
	,(	"373453'(4/2

"-

=+
3	7)" 8?M:#-M"	89)"	:
=*
0M?+:

#9
?0M>+?0M

449
	0M
"*&E	 %0'+&,	-.(/+0GMA2B/('$C336 
6
 %.7)-%

N	7	87:
	,(	"37B/('$C3362
:?:0,:182
$:?:G,*:+28



8
"4'6

/:?:1,+:*82
=+
4N 87)%	 "	"+:"-)
N-87%	 "	"+<
=*
 	%	 "	":D87:#
",&E	 %0'*&,	-.(/+0GM@2E4$B'(4/ 
6
 %.7)-%
	:F %)Q+MMMG%		:3%+P*"Q+MMM
"	%+P*" ":
9+
	
	
+
	
	

	
.	5


	

	

	

.
.	7
	,(	"37E4$B'(4/2

 &

=+
3%	%""Q+MMM
QAMM:3	 QAMM":

3*%	%""QAMM":=
Q*AM	 Q*AM":

31	%	%""Q*AM":=
Q+*A	 Q+*A
":
=*
30%	%""Q+*A:3Q@*:A:	@*:A
&-&E	 %0'1&,	-.(/+0GMD23453'(4/+JJJ++ 
6
 %.7)-%
	:F %)Q+MMMG%		:3%+P*"Q+MMM
"	%+P*" ":

: 

	
	
	


		.	
+
	

;---

	

<	
	
7
	,(	"373453'(4/2

&-3 


&-

=+
3	%	 "	:3.".	
% )
87:3.%	 "	+:
450
=*
3%	 "	+P*	:A:3AMO	AM
&&E	 %A'+&,	-.(/+0GMG2B/('$C336*MM111 
6
 %.7)-%
.-	N0A>0D<
	,(	"37B/('$C3362
:G+*

#
" 

:G1A
/:+@1A
=+
3.%,0>0>0>0>02>,0>0>0>0>0>0>02
=*
)0>0>0>0>0>0>0>0>0>0>0>0:3		+*0;:# )0+*
& &E	 %A'*&,	-.(/+0GMJ2B/('$C336 
6
 %.7)-%
.-	N,*A20
	,(	"37B/('$C3362
:*J
$:+M0


  -

/:0M
&!&E	 %A'1&,	-.(/+0G+M2B/('$C336 
6
 %.7)-%
.-	NAD<
	,(	"37B/('$C3362
:,A>A>A2,A>A>A2
$:,A>D2,A>D2,A>D2,A>D2
:D>D>D>D>D


4&=&4&=&=&=&=&

=+
3. .7DA;%	:" 		"<
=*
 	/DA;-%.7%	:#/
&"&E	 %1'+&,	-.(/+0J+M23453'(4/ 
6
 %.7)-%
451

3--) 87%	 :%	 "	<
	,(	"373453'(4/2

&

=+
3%	 "	.-	 .7			)-  	8-+:
	.8?+8?*9  .71M-%+AM<
=*
	%	 "	A:1M>A?+AM+AM>A?DAM:4	A:
&&&E	 %1'*&,	-.(/+0J++23453'(4/ 
6
 %.7)-%

3--) 87%	 :	7<
	,(	"373453'(4/2



=+
3	7)" 8?M:3)8?M8?+:


 %	 "	A:
  .7)" 8?M-A
%)" 8?+:

(	 	9  .7-A%1M<
=*
@>A?1M:#	7@:4	@:
&&E	 %1'1&,	-.(/+0J+*2B/('$C336 
6
 %.7)-%

87N"	--)<
	,(	"37B/('$C3362
:?1M8
$:?A<@8
:?@IA8



8
7&6

452
=+
(7	)N "	7@%	 "	A:

 	87N- .-	:("9

?,	72<,%	 "	28
=*
#9

?@<A8
&'&E	 %1'0&,	-.(/+0J+023453'(4/ 
6
 %.7)-%
377%	 "77""%)-N7?1AM<,+:*2 	
.-	"	:( .	 77-	7	%<
	,(	"373453'(4/2

'

=+
(	 	9  
 )"+:*
	1,L2

3	7%%%""	)""	+:*		:.)"
.
+:*)	1<
=*
+:*@%*:JG@ N1:= )	9+:*D1:AG:#D.)"
.
+:*%		1:4	D:
&*&E	 %1'A&,	-.(/+0J+A23453'(4/ 
6
 %.7)-%
("%	 "	87+:D9 7	%	 	<
	,(	"373453'(4/2

'-3 


'-

=+
C
%	 "	9%	 	K7	%"	"77
"	.	%77:

	8.7 %	 	"*: -77:#	 8
	%."-K7+MMO	:
=*
	%	 "	"+:D:	7	".9 			.7	
.-DMO:4	DM
&,&E	 %1'@&,	-.(/+0J+@23453'(4/ 
6
 %.7)-%
453
     
7	%*MMM*MM@(:B%B	):
	
     
("%	 	0*O879 %	 "	<
	,(	"373453'(4/2

" 

=+
("	%	 	0*O9. 
7+MMO"77	0*O:
=*
%7	%..-	 	7	%	 	.:+I:0*?
+:0*:

4	%	 "	9+:0*
-&E	 %1'D&,	-.(/+0J+D23453'(4/ 
6
 %.7)-%
..-	" C#	-	"+0O	:("		
+MM9MMM := . 	-A	<
	,(	"373453'(4/2

, &"

=+
3"	7"%	 "		7:

3	79	)9%)+MM9MMM:	%)%	 "	%	 
	:
 %	 "	-	.-%	 	-%+MMO
%%..-	:= )	9%	 "		7	-..-	:#
 )+I:+0?+:+0:+:+0%	 	:
=*
)N 

?,+MMMMM2<,+:+02

#-A"	:
=1
?,+MMMMM2<,+:+02A?+J*A0+:	+J*A0+
4	#
4	#
454
	





	
		
			
	
	
		
 !	"#	$	%
	
&'(	%
&')* 		%
+(
'$	#'	,-'./0+1#	2*,3044567897:,8(3 
;
!'*<-2'

=!'#	'	'>
	1,	$7<7897:,8(36



=
7'$<'2'-?@'#'	
7	*A-$	'B
=5

7#'	7	*!2-?#''$<'
CA-$	
!-	2B
=0
DC
0EFDEG5E
=.
%*<$'C'-
H4FDEG..
=I
455
&2	'2$C2..A'CDEF5I
=H
7
'C		$2$C'--$D?
=J
7C		$5II?7	$	ADFI?7<I?
 +(
'$	#'	,-'./5+1#	2*,304467897:,8(35%<	'I 
;
!'*<-2'

*2	<	


<	2-?

,$
*2$	*&K3A!$	*2>
	1,	$7<7897:,8(36

!

=
7$$	*&K3A$'$&A&KAK3?7
'$&K'-2H?$'$&K3'#'	
7	*?	A*$'$
!'?
=5

7'$'*2		C	2'
	C	?7*$!	'*2$22	'
<'$	*2*'?
=0
456

,$2	<'$	*2*'A'H?,$*$!C	
'*HA	'*'$0?;!-'$

!A$'$&'<'		*?
=.

#''''$'<'		*'-C
>F0>G.>
%-$	?
=I
%*<$'C'-
>F4GHF5I
7
'C		$2'--$
FI?
;!-$'$&A$'$K3?
=H
7'$K3*&2'$'$	'	'	
*'$'$	'	'	2&?%&L'IA
'$K3I?
=J
7$$	*&K3A$*$'$&A&KA
K3?
=M
&G&KGK3FIGHGIFH?7$	*&K3H?7<H?
"+(
'$	#'	,-'./+1#	2*,30446)3, :&@77 ;5%<	'I 
;
!'*<-2'
7<$	'	'05$?=!''$	'>
	1,	$7<)3, :&@77 ;6

# 

457
NH.
.
I5
=
%	2	!'<	$	'?
=5

7	'	!

2	'	'	'?
	'!C?
=0

@'<'		*A$'$'?
=.
%-$	DC
05>FD>GD>
=I
%*<$'C'-
5.F5OD>
=H
		*<$'C'-D>F5.P5FI5
=J
7
'C		$2'-
DFNI5?
K!	NI5?
$+(
'$	#'	,-'0/.+1#	2*,304M46)3, :&@77 ;5%<	'I 
;
!'*<-2'
458

@<'		*$$	*<#<?$	*
<#<>
	1,	$7<)3, :&@77 ;6
N

# %

N5
54
=
%	2	!'#	'	'$	*?
=5

	<	

?;!#'	7	*$
2!!<?
=0

7#'	7	*!2-?$'$'		
?
=.
459

7'$'	5I?#'''#'	7	*$
'$A<?
=I
#''''$''-C>F5>GI>
%-$	-$?
=H
>F5>GI>F.G5IF54
>F54
%-$	2
'C		$2$C?
=J
7
'C		$2$C'--$
FN54?
K!	$	N54?
+(
'$	#'	,-'0/0+1#	2*,304MH6)3, :&@77 ; 
;
!'*<-2'
$'!*
	'	'>
	1,	$7<)3, :&@77 ;6
?IAAI
&?HA.AI


"&
$&
#'

3?IANIA0
=

@#'	7	*
!	?
=5
,$IAIA	'	'#'		*!2	*$C	
$	!CC	$'?
=0
%I>G.>F5IG5IFIC>F	'	'?
460
=.
,$.AIAH	'	'#'		*!2	*$C	
$	!CC	$'?
=I
%.>GI>FHG5IF.CH>F0H	'	'?
=H
,$0A.ANJ	'	'#'		*!2	*$C	
$	!CC	$'?
=J
%0>G1NJ6>F4GJFHC.>FH	'	'B7		!	?
K!	K?
!+(
'$	#'	,-'0/5+1#	2*,304MI6)3, :&@77 ; 
;
!'*<-2'

!<-2!*$N0>
	1,	$7<)3, :&@77 ;6
?#
&?=
K?7


(

)

=

8D*'2!<	<	-!	2'#'	
461
7	*!2-?
=5

72!#0C	?7'		N0?7		
!	?
=0

72!#.C	?7'		N0?
=.
462

72!=AA'-2C
5F5GI5
%-$	-$?%	2*<$'	'?
=I
;!-*<$C
5FG5IF5H
%-$	2
'C		$2?
=H
7'-FN5H
7'		N0A		!	?7	D!	?7			
'*?
=J

72!=AA'-2C
5F55G05
%-$	-$?%	2*<$'	'?
=M
;!-*<$C
5F.G4F0
%-$	2
'C		$2?
=4
463
7'-FN0
72!=N0B7		!	BK!	
3?=
'+(
'$	#'	,-'0/+1#	2*,304M.67897:,8(3 
;
!'*<-2'

'$<$	'	'!2->
	1,	$7<7897:,8(36

*

=

7#'	7	*!2-?7-$2	'-HM
	<-?#-$2#'	7	*-$	?
=5
$	<'''-$2A'C
>FH>GM>

%*<$C2$'C	$HM'*?
=0
$	*<$'	'$CA'C
>F0HGH.
	
>F


7
C		$2$-$?
=.
464
FN
=I
7-$N?7C		$?7<?
++(
'$	#'	,-'5/I+1#	2*,304M06)3, :&@77 ; 
;
!'*<-2'
$!	!$!'*2			'$	*'	>

8.1      80      45       7.2       -5       -24 
	1,	$7<)3, :&@77 ;6
?N5.AIAJ?5AM?AN.IANM

,
&
# $&
#$&
' &
+&
#+*

K?IAJ?5AM?AN5.AN.IANM
3?N5.AIAN.IANMAJ?5AM?
=
(*C		$	
NM44EFM
N.IJJEF.4
N5.*	IIEF5I
=5
	$*-?7'-	''2*A*<	I
N5.?N5.*	I?7*I*-?
=0
N5.	'-*2	2IA***2	?
=.
 $<--	*'AN.I*J?57
*
N.I	-?
=I
;!!
!!	!IAN5.AN.I$		-
	'?
=H
7!	!$		-				$	**	'
&?%&?
%+(
'$	#'	,-'5/.+1#	2*,304M56)3, :&@77 ; 
;
!'*<-2'
465

=!''*&>
	1,	$7<)3, :&@77 ;6

# %

I
.
N5
=
%	2	!'C	!&?7'$&C		$	$
C	?
=5

7	!D$C	A!$	'$	*&A*-5<
I	'?7D<	<	&A<<<
	<	?*-5	'I!$	*<&?
=0
466

7!C	

?3-C	*	<$	?
=.

=	C	-?<<$	?7'$&C		
$	?
=I
7	$C	IGIGIGIG4F54
=H
,$	$C	54A'$&*2N54?KN54?
*+(
'$	#'	,-'5/0+1#	2*,304M67897:,8(3 
;
!'*<-2'
	!*2	-		NMI>
	1,	$7<7897:,8(36

*

=
%	2!	'C	$!*2	?
=5
HEF0H
JEF.4
MEFH.
4EFM
EF
=0
%	C	-		MIA	!*2	-		NMI?
467
7<?
+(
'$	#'	,-'5/5+1#	2*,304M67897:,8(3 
;
!'*<-2'
	'!*2	NMI>
	1,	$7<7897:,8(36

%

=
%	2!	'C	$!*2	
=5
HEF0H
JEF.4
MEFH.
4EFM
EF
=0
%MC	M.!*2	NM.4?7<4?
 +(
'$	#'	,-'5/+1#	2*,304J467897:,8(3 
;
!'*<-2'

3	!C	!#?	$C	>
	1,	$7<7897:,8(36

"

=

7	!D$C	A!$	'$	*#A*-5<
0	'?7D<	<	#A<<<
	<	?%*-5	'0!$	*<?
=5
468

7!C	

?	?
=0

=		!<2!$	$C	?
=.
7	$C	*$	$*	<?7		.	'
$	0AC	$	?%C		F.O0G?	!$	
2	D<$	*2''	C		*'?2''	
C	'$I?%	$C	IOIF5I?7		.D	'
$	0?%C		F5I.O0?
=I
5I.O0F0
	
0O.GF0
7!	0?7<0?
"+(
'$	#'	,-'/I+1#	2*,304JM67897:,8(3 
;
!'*<-2'

	$$'	!2-?
469
	1,	$7<7897:,8(36

'

=

7$	-<<	$	$?

7$	*'2-!!2-?
7!C		<A-$D	?,$2	
D	$	*C	L	A$	$<?
=5

7	$*	<	!*'?

	$	*'A*<$	?
	*'A<	2	$	*	$	'C	A0H?
=0
7	$	'HG.G0G5GGFJ?
	
7	$	'0H1.GHG0G.GG6FJ
7<J?
$+(
'$	#'	,-'/.+1#	2*,304JJ67897:,8(3 
;
!'*<-2'
470

	$	'!2->
	1,	$7<7897:,8(36

!

=

7$	$	'A	2-'	'<		
	$	$?7*'2-!-?	$!
*		'*'	$!	?
=5
7	$	'	'2$2'	'	$	*P5O2O
'?72A'0?	$!	'*!A
*'	?
=0

7	$	'	'P5OO0F?I12	'D06?72
'$!	'	20?	$!	'1
P5$<	<
	'0O06	$	'	'A?I?
=.

7	$	'	'?I7	$!	'P5O0O0F.?I?7
	$	'H
=I
471
?IG.?I>
=H
7	$	'H?
+(
'$	#'	,-'/0+1#	2*,304JH6)3, :&@77 ; 
;
!'*<-2'

%<<!<!<7'	<#7=	'	
<	'	*?$<2!!	
$	7>
	1,	$7<)3, :&@77 ;6
67F1.A06F1.AJ6	
		
	


	


	
					


 
		!		
"	
	"	

,
.
/
0*&
 
(
/
0+&
 

K67F10A06F1IAM6
		#"	

				
=
472

7	!'$<?;<$7=7	<<	<	?17
<$7P5<$#5P67*$	*	''?7
*
-	$#7=	'?	
'$		'	?
=5

7	!'$<K?7'$7=#	C?7
<	'	*?
=0
473

7	!'$<&?7		!	?
!+(
'$	#'	,-'/5+1#	2*,304JI6)3, :&@77 ; 
;
!'*<-2'

,$	!$	*=A!2-A!*	2>
*'$$C	'	?
	1,	$7<)3, :&@77 ;6
?F5

,

1
 


K?Q5
=
474

K		'	2'*=?7'$	'	$'5?
=5
,$'$	'	$'5A<$	'2*	
'?R5?K!	,?
'+(
'$	#'	,-'/+1#	2*,304J.6)3, :&@77 ; 
;
!'*<-2'

<$!$	*=#$+$2<	+>,	!	A$	!
	'$	*=#A!!2*<>
	1,	$7<)3, :&@77 ;6

0&
"

1.A56
10A6
1.A56
475
=

%	2	!''$	'$	*2$	*=#?7*<$=#
*$2	2'?*<$	2'2'?
=5

 -	'	!A*<$!'$A$
*<!*'2-?;!$	$*<?
=0
7	$*<'	1A06?K1A06!	?
++K#-	5+1#	2*,30M5467897:,8(3 
;
!'*<-2'
722!!S$		-	'.	$	2
	<$	
	*<0*172!-	!!	'
1*!<	AA?6
476

=!'!
	'5J0*>
	1,	$7<7897:,8(36

!"

=
@C$2$	F5G0,C	'-F5J0?<'
-$-$	?
=5
5J0F5G0
=0
5JF5
=.
F5JP5
=I
7		!	LH0IL?#	PLH0IL1!C6?
%+K#-	54+1#	2*,30M5M67897:,8(3 
;
!'*<-2'
722!!S$		-	'.	$	2
	<$	
	*<0*72!-	!!	'
1*!<	AA?6

=!*!--	$	I	>
	1,	$7<7897:,8(36

"*"

;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
> 5J0
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
I >
477
=
@C$2$	5G0
=5
5OIG0F>
=0
0G0F>
=.
7		!	L00L?#	PL00L1!C6?
 *+K#-	5M+1#	2*,30M5J6(8&):,8(3 
;
!'*<-2'
722!!S$		-	'.	$	2
	<$	
	*<0*172!-	!!	'
1*!<	AA?6

=!*!--	$		>
	1,	$7<(8&):,8(36

 
2
"

=
CA	-0*?
=5
			-5*?
=0
7		!	L5G0L?#	PL5G0L1!C6?
 +K#-	5J+1#	2*,30M5H6(8&):,8(3 
;
!'*<-2'
722!!S$		-	'.	$	2
	<$	
	*<0*72!-	!!	'
1*!<	AA?6
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
 >
;*2	$
		'
3

K-	
 0
478

	!*	22
'$	-I*>
	1,	$7<(8&):,8(36

!

=
	$<!	-I*?
=5
;!-$<A!*	<	<	>
=0
7		!	LHL?#	PLHL1!C6?
  +K#-	5H+1#	2*,30M5I6(8&):,8(3 
;
!'*<-2'

722!!S$		-	'.	$	2
	<$	
	*<0*172!-	!!	'
1*!<	AA?6
 I
5 J
0 4
. 
> I
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
479

	!*	22
'$	-I*>
	1,	$7<(8&):,8(36

!

=
	$<!	-I*?
=5
;!-$<A!*	<	<	>
=0
7		!	LHL?#	PLHL1!C6?
 "+K#-	5I+1#	2*,30M56(8&):,8(3 
;
!'*<-2'

722!!S$		-	'.	$	2
	<$	
	*<0*72!-	!!	'
1*!<	AA?6

. 
> I
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
J >
480
=!*!--	$	J	>
	1,	$7<(8&):,8(36

'

=
	$<!!	$	J	?
=5
7		!	LJL?#	PLJL1!C6?
 $+K#-	5.+1#	2*,30M56(8&):,8(3 
;
!'*<-2'
722!!S$		-	'.	$	2
	<$	
	*<0*72!-	!!	'
1*!<	AA?6

=!*!--	$		>
	1,	$7<(8&):,8(36

 *"

=
$'	!<		'	-?
=5
*<	*<<	''?
=0
7!	5OG0F50?#	50
 +K#-	50+1#	2*,30M46(8&):,8(3 
;
!'*<-2'
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
 >
481

722!!S$		-	'.	$	2
	<$	
	*<0*172!-	!!	'
1*!<	AA?6

$2-'	<	<	'-2>
	1,	$7<(8&):,8(36



=
	<<	<	'	-$		?7<	
<?
=5
7		!	L3L?#	PL3L1!C6?
 !+K#-	55+1#	2*,30M06(8&):,8(3 
;
!'*<-2'
722!!S$		-	'.	$	2
	<$	
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
482
	*<0*72!-	!!	'
1*!<	AA?6

=!*!--	$	H	>
	1,	$7<(8&):,8(36



=
=!*	'<		>
=5
,$	*$	.	A	!*	*$		?%!
-	.*	*$	!	?
=0
7!	I*<		?#	I
 '+K#-	5+1#	2*,30M56(8&):,8(3 
;
!'*<-2'
722!!S$		-	'.	$	2
	<$	
	*<0*72!-	!!	'
1*!<	AA?6

=!$S$		-*<		>
	1,	$7<(8&):,8(36

 

=
=!*	'<		>
=5
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
I
H >
;*2	$
		'
3

K-	
 0
 I
5 J
0 4
. 
483
7!	5*<		?#	5
 ++K#-	5+1#	2*,30J546)3, :&@77 ;50%<	'5 
;
!'*<-2'

722!!S$		-	'$	.	$	2
	<17
2!-	!!	'1*!
<	AA?6

$2-'	<	<	'-2>
	1,	$7<)3, :&@77 ;6

&



3
;*2	$
		'
3

K-	
 
 J?I
5 I
0 55?I
. 0
I
H >
484
=
&'2<'<'-2?
=5
7		!	LKL?#	PLKL1!C6?
 %+K#8%'	<0?I2+1#	2*,30.M.67897:,8(3 
;
!'*<-2'

722!!S$		-	'$	.	$	2
	<17
2!-	!!	'1*!
<	AA?6

	!*	22
'$	-I*>
	1,	$7<7897:,8(36

 *

=
	$<!	-I*?
;*2	$
		'
3

K-	
 
 J?I
5 I
0 55?I
. 0
485
=5
;!-$<A!*	<	<	>
=0
7		!	L55IL?#	PL55IL1!C6?
"*+K#8%'	<5?I+1#	2*,30.M06)3, :&@77 ; 
;
!'*<-2'

722!!S$		-	'$	.	$	2
	<17
2!-	!!	'1*!
<	AA?6

$2-'	<	<	'-2>
	1,	$7<)3, :&@77 ;6

&



3
;*2	$
		'
3

K-	
 
 J?I
5 I
0 55?I
. 0
486
=
&'2<'<'-2?
=5
7		!	LKL?#	PLKL1!C6?
"+K#8%'	<0?I+1#	2*,30.H467897:,8(3 
;
!'*<-2'

722!!S$		-	'$	.	$	2
	<17
2!-	!!	'1*!
<	AA?6

=!**	-$2	'$	$M	>
	1,	$7<7897:,8(36

!*

=
	$<!!	$	M	?
;*2	$
		'
3

K-	
 
 J?I
5 I
0 55?I
. 0
487
=5
7		!	LHL?#	PLHL1!C6?
" +-'%	',-'0/H+1#	2*,30H67897:,8(3 
;
!'*<-2'
'-'*22
?=	'	<	'-	**		-'?
%!2-'$	!!
?7C!-'3
$	!

3
/
"*
2


$	!*!
!'2222
T5I>
	1,	$7<7897:,8(36

%

=
'T5I22
?%-$%C'-25I

5IF0GI!

%-$	!?
=5
7*<$CA<	-	2D<	$	*'
<	<	$C?
=0
%2	'220'-
5I0F00GI!
5I0FI!
=.
%*<$'C5I0FI!2*2'
	*'-
4IFI!
=I
3-'22I'-!F4?'!2222
'5I$	4
!
?
7<4?
""+-'%	',-'0/I+1#	2*,3067897:,8(3 
;
!'*<-2'
488

&
	7?'%$!*<!-	

	?722-!$	*<?

7C$	K16$	
	
KF?5IGI$	K*<
KF?I$	K*<&

*2	$
*2$	2C$	!*<>
	1,	$7<7897:,8(36

!*

=
-!CA*KC	?7'-?5IGIF
?I
=5
?I?5IFI
=0
?5IFI
=.
7		!	LHL?#	PLHL1!C6?
"$+-'%	',-'0/.+1#	2*,3046)3, :&@77 ; 
;
!'*<-2'
489

&
	7?'%$!*<!-	

	?722-!$	*<?

C$	K16$2
$	*K*<>
	1,	$7<)3, :&@77 ;6
KF?5IGI


/
* 
2


KFI?5IGI
KFIGI?5I?
=
7TI?	2T?5I$	
2?
=5
7$
$	!2?5I?
=0
7I	<?5I	'2	!2KFIG?5I?%KF
IG?5I
"+-'%	',-'0/0+1#	2*,30M67897:,8(3 
;
!'*<-2'
@<	<	$C-C$	4?

$0!
2
4
/
 4

-$D>
	1,	$7<7897:,8(36

 

=
%	2	2'.D<	<	?
490
=5
3	2'.D<	<	'-
.OHG.ODF5D
5.G.DF5D
=0
%2	'225.'-
5.5.G.DF5D5.
.DF5D5.
=.
;DA2	225D
.D5DF5D5D5.
.D5DF5.
%*<$.D5DF5.2*2'
	*?
=I
K*2'
	*'-
5DF5.
=H
3-'225'-
DF5
7<5
"!+-'%	',-'0/5+1#	2*,30J67897:,8(3 
;
!'*<-2'
@<	<	$C-C$	4?

$
2
 4
/
*4

 

-$D>
	1,	$7<7897:,8(36

 

=
%	2'<	<	$C'-	2	*
	?
=5
'225'-
5G.G5DFD5G5
5G.G5DFD
=0
%2	'225D'-
5G.G5D5DFD5D
5G.FD5D
HFMD
=.
3-'22M'-CDF5?7<5?
"'+-'%	',-'0/+1#	2*,30H67897:,8(3 
;
!'*<-2'
@<	<	$C-C$	4?
491

 4

$*
/
!*

-$D>
	1,	$7<7897:,8(36

*

=
%	2<	'-	2D<	$	*2'.2?
=5
'.2'-
5D.G.FHG.
5DFHG.
5DF
3-'225!'--$D?
=0
5DP5FP5
DFP5
DFI
7-$DIB7<I?
"++-'%	',-'5/4+1#	2*,30067897:,8(3 
;
!'*<-2'
'-'*22
?=	'	<	'-	**		-'?
%!2-'$	!!
?7C!-'3
$	!

3
/
"*
2


$$$C>
	1,	$7<7897:,8(36



=
7$$-!*<2?
=5
7		!	LIL?#	PLIL1!C6?
"%+-'%	',-'5/M+1#	2*,3067897:,8(35.%<	' 
;
!'*<-2'
'-'*22
?=	'	<	'-	**		-'?
%!2-'$	!!
?7C!-'3
$	!

3
/

2
"*

,$!<C'	<!		-'	<	2DA!
	<$C>
	1,	$7<7897:,8(36

"*

=
492
7CF*DG2$	*?2	<		<?
=5
7C%FI!G0?7*	<0?7<0?
$*+-'%	',-'5/J+1#	2*,3067897:,8(35.%<	' 
;
!'*<-2'
'-'*22
?=	'	<	'-	**		-'?
%!2-'$	!!
?7C!3	
$	!

3
/
"*
2


=!*

	
-	
-5	
	>
	1,	$7<7897:,8(36

"*

=
7*	'	<	'-	!$	!
?
=5
!
A%F0GIOF0GF0	?7*	'	<	'-
	0		!?
=0
-$!	2
'	*C!	
F*DG6$	*?7		!	0?7<0?
$+-'%	',-'5/H+1#	2*,30446(8&):,8(35.%<	' 
;
!'*<-2'
'-'*22
?=	'	<	'-	**		-'?
%!2-'$	!!
?7C!3	
$	!

3
/
"*
2


=!*

	
5-
	
		7>
	1,	$7<(8&):,8(36



=
7$!*-'!
A$$$	2!!*-
$	!
$	!
?
=5
$	!
A-%U2VF0GIOF0GF0
$	!
A-%U2VF0GIOF0GIF0I
=	2!'!!!
!?
=0
7$$	2!	-'$	!
0I0FI?;I
$$$A2	$	*C'$	*F*DG2?

 %-'
 0
 0I
493
7<I?
$ +-'%	',-'5/I+1#	2*,304H6(8&):,8(3 
;
!'*<-2'

&
	7?'%$!*<!-	

	?722-!$	*<?

=!*	
,	'<	
>
	1,	$7<(8&):,8(36

**

=
7$!*	*<&	'$	
A$$$	2!
$
$5
?
=5
494

7

*'?
=0
K*<&	'?I<	
?7<?I
$"+-'%	',-'5/.+1#	2*,304I6(8&):,8(3 
;
!'*<-2'

&
	7?'%$!*<!-	

495
	?722-!$	*<?

=!*	
	'<	
>
	1,	$7<(8&):,8(36

* 

=
7$!*	*<	'$	
A$$$	2!
$
$5
?
=5

7

*'?
=0
K*<	'?5I<	
?7<?5I
$$+-'%	',-'5/0+1#	2*,304567897:,8(3 
;
!'*<-2'
496

S!$	2
	2$	'?=!H*!!*	?=
*	'	2
	$	*?7'	<!S*	-
	-	'$	**$?

,$SL*	
<	'*<A!$	!-'8	


8



$	*!$*>
	1,	$7<7897:,8(36

!

.	
$	"%&'
("
#"
	
"	("

=
)**2	A	H*?
=5
,$!$!SL*	LA!	!2$		>
=0
497

7

D?
=.

<!	*	2
$			H*?
=I
498

7!	H?
$+-'%	',-'5/5+1#	2*,30467897:,8(3 
;
!'*<-2'

S!$	2
	2$	'?=!H*!!*	?=
*	'	2
	$	*?7'	<!S*	-
	-	'$	**$?

499
$	!*	SL*	<*>
	1,	$7<7897:,8(36

$

=
SL*	<*!!1	<	'	*6	?
=5

7*<!	'-2D	-?
=0
SL*	<*$	.I*?7<.I?
$!+-'%	',-'5/+1#	2*,3046(8&):,8(3 
;
!'*<-2'
500

S!$	2
	2$	'?=!H*!!*	?=
*	'	2
	$	*?7'	<!S*	-
	-	'$	**$?

=!*	$	**SL*	<*>
	1,	$7<(8&):,8(36

 

=
SL*	<*!!1	<	'	*6	?
=5

501
7<!	'-2	-?
=0
SL*	<*$	5*?7<5?
$'+-'%	',-'/H+1#	2*,30M46)3, :&@77 ; 
;
!'*<-2'

2!	$'$	>
	1,	$7<)3, :&@77 ;6

&



=
	$'$	*	'	$!9A	**?
=5

;$	2&A9'	'	A'	'	?72&5		$'?
;!
2K?
=0
502

$	**'2-A2K	
8
-	
8
9	?K!	
K?
$++-'%	',-'/I+1#	2*,30MM6)3, :&@77 ; 
;
!'*<-2'

2!	-5		$'>
	1,	$7<)3, :&@77 ;6



&
K
=
'-	$'*9	A	?
=5

;$	2&A9'	'	A'	'	?72&5		$'?
503
;!
2K?
=0

$	**'2-A2	-5	
	$'?K!	
?
$%+-'%	',-'/.+1#	2*,30MJ6)3, :&@77 ;55%<	'0J 
;
!'*<-2'

2!5		$'>
	1,	$7<)3, :&@77 ;6


,

K
=
<-	$'*9	A	?
504
=5

;$	2A9'	'	A'*	?72	-5		$'?
;!K
&K?
=0

$	**'2-A2&5	
	$'?K!	
&?
*+-'%	',-'/0+1#	2*,30MH6)3, :&@77 ;55%<	'0J 
;
!'*<-2'
&
	7?'%''-
-	?7
		'TI$	-	T?0I$	
?

C$	>
	1,	$7<)3, :&@77 ;6
KF?0II


/

2
"

KFIG?0I
KF?0II
=
%*2	$A$
!-	?0IO?
=5
7KA-	$
$	
*2-?
=0
505
KFIG?0I
%KFIG?0I
+-'%	',-'/5+1#	2*,30MI6)3, :&@77 ;55%<	'0J 
;
!'*<-2'

C!<	2$-!2->
	1,	$7<)3, :&@77 ;6


/
 4
2


F.DGJ
F5DG4
F5DGI
=
%	2	!'<	?#$<!D		!
2*!?
7$CA$<	<?7<*
F*DG2$	*?
=5

7*'2-!	<	22?7$<A	
	2!!<?7<C	-2	?
=0
506

7*'2-!		2!!<2<?7<C
	-2	A!.P?
=.
;!!-<A!$	<?7	<!	
	D?7*D	!2C<?
=I
(
'2A!!DCA	C?7
*	<?#'<	<F*DG2$	*'
!	?
=H
#'''<	<'-!	
F5DG
K!	F5DG?
 +-'%	',-'/+1#	2*,30M.6)3, :&@77 ;55%<	'0J 
;
!'*<-2'
507

2!		<>
	1,	$7<)3, :&@77 ;6


,

K
3
=
		<*<?
=5
7$<A
!D<	1DA61D5A56$156P1D5D6?
=0
7

<$2&?
=.
7		!	L&L?#	PL&L1!C6?
"+7
'!*,-'0/.+1#	2*,35M.H6)3, :&@77 ; 
;
!'*<-2'
508

$$	22-!	
	<2!-	24>
	1,	$7<)3, :&@77 ;6


,

K
3
=
		<*	$'?
=5

7

72?7*'2-!	$'?7	$	
		<?7

72&?
=0
509

7*'2-!72&	$'?7	2!'
$D!5?
=.
%72&	$'A		<?K!	&?
$+7
'!*,-'0/0+1#	2*,35M.I6)3, :&@77 ; 
;
!'*<-2'

$$	22-!5		

	<2!-	2
4>
	1,	$7<)3, :&@77 ;6

&
K



=
-	<	<		<*<	$D?
510
=5
;<	$D-$23<	-$.M?
=0
7-23	-	<	<	2<	$D-
A.M?K!	3?
+7
'!*,-'0/5+1#	2*,35M..6)3, :&@77 ;44M
%<	'5H 
;
!'*<-2'

722-!'!$$-	'!	$.C	
*	?C!	<2!'!>
	1,	$7<)3, :&@77 ;6
P!F.
!PF.


:

/
$*

F.
=
;<	$'!!.?
=5
7C	<	'<	$'!2'.2!	
O!F.?
K!	O!F.?
!+7
'!*,-'0/+1#	2*,35M.067897:,8(344M
%<	'5H 
;
!'*<-2'

722-!'!$	'!	.C	*	?
-2	'$2>
	1,	$7<7897:,8(36



=
;<	$'!!.?
=5
511
*MC.>
=0
IOMF.?7		!	I?
7<I?
'+7
'!*,-'/0+1#	2*,35M.56)3, :&@77 ;444
%<	'. 
;
!'*<-2'

D'	<			<	22->
	1,	$7<)3, :&@77 ;6



&"
	 
$% 	"
	 	"
		
K"	'	 	
		
" 	)*+
 		
3

	(		,	%	
=
(
$	-$IAJAA		?
=5
512
7!	?7<?
++7
'!*,-'/5+1#	2*,35M.6)3, :&@77 ;444
%<	'. 
;
!'*<-2'

M'			?#<*<	$2
?7$	$	*'
<		!'!2!!*2
	$	$'	?

,	<2!$'	*2	*2	$2
	>
	1,	$7<)3, :&@77 ;6
2




=
		<**2	$2
	2-
-$'	?
=5

$	**'2-A$$	2!*2	$2
$'	
$'	50?7$$	2!*2	$<
$'	5$'	0I?
513
=0
7		$'A	$	$'	*2	*2	$2

$'	-		<?
%+7
'!*,-'5/H+1#	2*,35M.67897:,8(3 
;
!'*<-2'
7
-T5$	?%<TI$	?7C
'-A*$	-'A$	

-++)

=!*
$T4I$	-'>
	1,	$7<7897:,8(36

'

=
F4I?%2C$	4IA-$	?
=5
%2'$	4I'-C
4IF5I
7-$	A<	
!-	2?
=0
'I2'-C
IG4IF5
%*<$22	'224I?
=.
%2	'224I'-C
IFI
%-$	2-'22I?
=I
3-'22I'-FJ?
7<J?
!*+7
'!*,-'5/I+1#	2*,35M046)3, :&@77 ; 
;
!'*<-2'
7
-T5$	?%<TI$	?C'-
A*$	-'A$	
>
	1,	$7<)3, :&@77 ;6


/
 **



F5I
F5OI
F5I
=
7
T5	!A<I	$	?!*<
$
?
=5
7*$*<I?
=0
7C	<	'	-'F5I?K!	F5I?
514
!+7
'!*,-'5/.+1#	2*,35M0M6)3, :&@77 ;444
%<	'. 
;
!'*<-2'

-'	<2-A!$C	<	'	'<
<&?
	1,	$7<)3, :&@77 ;6
?F0DG5
&?F0DGH



/
"4
2
 

3?F0D5
=

%	2	!'<	'<<&?7$CA
515
	2$'<?-!<10A061A46!
? <$A$!		D?7'-
-	'$F*DG2C$	*?
=5

(L	2$'<?-!<A&?7$<A	
	*'2-?
=0
7<0P!C0?;'!$	*$	'A
$	*'<'-?;!!-<A!$	<?
=.

7	<2$2	'<1A46'<$D
516
<?%<0PA!2	$	*D	0	A
'-'1A56?7	<5B
=I
7$CA<'<	<$	*F*DG2?
=H
#'''<$0	<$5'-C
F0DG5
K!	F0DG5?
! +7
'!*,-'/+1#	2*,35M467897:,8(3 
;
!'*<-2'

M'			?#<*<	$2
?7$	$	*'
<		!?2!!*2
	$'	2
'
<	?-'2D2>
	1,	$7<7897:,8(36

 

=
;*2	$2
$	$'	<	$C	$$'	*2	B7
*
2<		C	?
=5
7		!	L5IL?#	PL5IL1!C6?
!"+7
'!*,-'5/0+1#	2*,35MM67897:,8(3 
;
!'*<-2'
SL!	<<'!	2$	*$$	'*	'*	
$<?

7C$$2$$	
/
";$
:
4
2
!	D'$	<
*	$<?@C<	!*$*	$
<V*'!	2!	<<$	*H$?
	1,	$7<7897:,8(36

"

517
=
%2DC!H

/
";$
:
4
2

=5
F0P.OHG
=0
F.MP.G
=.
F5GF0
=I
7		!	0?7<0?
!$+7
'!*,-'5/+1#	2*,35MJ6)3, :&@77 ;5I
%<	'04 
;
!'*<-2'
518

SL!	<<'!	2$	*$$	'*	'*	
$<?7	<!$	M	<?$2-
'	<!*$2$>
	1,	$7<)3, :&@77 ;6

&



3
=
$2$	'2	<		<?
=5
7		!	LKL?
519
!+7
'!*,-'5/5+1#	2*,35MH6)3, :&@77 ; 
;
!'*<-2'

SL!	<<'!	2$	*$$	'*	'*	
$<?7'	<2-!$	M	<2$?

C$	2$	*$D
F::::::::?
	1,	$7<)3, :&@77 ;6
?0P.OD

,
";$
:
4
2

K?.P0OD
3?.P0ODG
=
7$C$AF*DG2$	*C?7$CA
<A*A	<A2A$?
=5
	AL	2$'<A*?7<$2$2
'!<
'		?
=0
520
     

=	D*<$!<-$<?$	
2'2A	2'	?7<	-		A
!0P.?!-$<A$	<?
=.


!!			&2<*20P.?7	
D<
'	<?7	<2	D?
=I
7!	&AF0P.ODGA		?7<C0P.
	<?K!	&?
8)* 		%
8(	%
521
     
K<	'55H#,?)')	-?
	
     
522
	





	
			

		
 !"	#	 $	%
&' ( 	% 
&' ( 	% 
&' )!		% 
*+	,-./'	*0	12,34)2!&566!78,-8)8./ 
7
"'+91 '

 $$" ' 9$$		 '"   "
19:
0	$6+)2!&566!74
;<;=
&;.;>
?;=;,
 !

0	12,34)2!&566!78,-8)8./
7
"'+91 '
Appendix D - The Study Curriculums Created By Each IQP Team
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